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Harris Semiconductor products are sold by description only. All specifications in this product
guide are applicable only to packaged products; specifications for die are available upon
request. Harris reserves the right to make changes in circuit design, specifications and other
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design, performance, or otherwise.
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For technical assistance on Harris products listed in this product selection guide.
please contact the Field Applications Engineering staff available at one of the follow-
ing Harris Sales Offices:

Burlington 617-221-1850
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For literature requests. please contact Harris at 1-800-442-7747 (1-80Q-4HARRIS) or call
Harris AnswerFAX for immediate fax service at 407-724-7800.
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The Harris CDP6805/68HC05 family of high speed CMOS
microcontrollers, microprocessors, and peripherals provides
a cost efficient solution for diverse automotive, consumer,
industrial, telecom, and military applications. The family is
based on the established 6805 8-bit architecture. The entire
family is built using CMOS technology and offers:

• Low Power Drain - with J,lAdissipations and operation
down to 2 volts, the Harris CDP68HC05 family is a natural
choice for battery operated systems, battery backed-up
systems, and systems in which heat generation is a pri-
mary concern.

• High Noise Immunity and Wide Operating Tempera-
ture Range (up to -SSoC to +12S0C) - allows these
CMOS devices to be used in the most demanding auto-
motive and industrial applications.

• Wide Operating Voltage Range - reduces the need for
expensive regulated power supplies and allows the design
engineer to concentrate on other aspects of the system.

CDP6805lCDP68HCOS Mlcrocontrollers and
Microprocessors

The CDP6805 ('05) and CDP68HC05 ('HC05) families pro-
vide a selection of 8-bit microcontrollers and microproces-
sors. The 'HC05 family is built using a 1.5 micron, CMOS
technology which features CPU cycle times down to 200ns.
The '05 family is built using a 3 micron, CMOS technology
which provides CPU cycle times down to 480ns.

A common base instruction set and CPU register
architecture, is shared by all members of the '05 and 'HC05
families. The 'HC05 instruction set has been ex1ended
with the addition of an 8 x 8 unsigned multiply opcode
(MUL). The complete set of instructions is detailed in Section
4 of this book.

The CDP68HC05C4, CDP68HC05C8, CDP68HC05D2,
CDP68HC05J3, and HIP7030A2 are microcontroller mem-
bers of the 1.5 micron, 'HC05 family. Each is a self contained
MCU with varying implementations of on-chip ROM, RAM,
timer, port, and I/O functions. The CDP68EM05C4,
CDP68EM05D2, and HIP7030AO are microprocessor mem-
bers of the 'HC05 family. Each shares the same RAM and
1/0 features as the equivalent MCU type, and provides
address and data interface lines for connection to up to 8K of
ex1emal ROM.

The CDP6805F2 and CDP6805G2 are microcontroller mem-
bers of the 3 micron, '05 family. Each is a self contained
MCU with on-chip ROM, RAM, timer, and 1/0 functions. The
CDP6805E2 and CDP6805E3 are microprocessor members
of the '05 family. They contain internal RAM, timer, and port
logic, and feature address and data interface lines for con-
nection to ex1ernal memory. The CDP6805E2 can access up
to 8K of memory, while the CDP6805E3 can access up to
64K of memory.

All of the microcontrollers specified in this data book are
masked ROM devices. The ROM code is inserted via
photomasking techniques during the manufacture of the
microcontrollers. This method of implementing code results
in the lowest possible cost per device. Semiconductor
manufacturing is based on batch processing. A single batch
of 68HC05 microcontrollers typically produces 10,000
devices. Any device which Harris does not sell to the owner
of the ROM code has no value. As a result minimum order
quantities (MOOs) are established for all masked ROM
devices. The low piece price generally makes masked ROM
devices suitable for production runs of 5,000+ pieces
(I.e. - .5 x MOO). For lower volume designs, microprocessor
equivalents should be considered. Contact your Harris sales
representative for details on specific microcontrollers.

Section 2 provides complete technical data on the '05 and
'HC05 microcontrollers. Technical data on the microproces-
sor products is presented in Section 3. Note that the
HIP7030AO and HIP7030A2 are featured in the Harris Intelli-
gent Power ICs data book.

Section 5 and Section 6 contain detailed information on the
ex1ensive selection of peripherals designed specifically for
use with the '05 and 'HC05 families of processors.

The 8-bit bus peripherals, contained in Section 5, are
intended for use with microprocessors which have ex1ernal
address and data bus signals. These devices are also useful
with many non-6805 processors.

The serial peripheral interface (SPI) devices, detailed in
Section 6, are designed to work on the SPI bus of the 'HC05
family of controllers (see Section 2 for information on the SPI
bUS). In addition to the peripherals contained in this data
book, other SPI compatible devices are offered by Harris. In
particular, the Intelligent Power ICs data book contains spec-
ifications of the CA3282 octal solenoid driver, the
HIPOO80/81 quad power drivers, the HIP7010 J1850 multi-
plex wiring interface, and the HIP9020 engine knock sensor.

Packaging Options

All of the devices featured in this data book are offered in
PDIP (dual-in-line plastic) packages for through-hole assem-
blies. The majority of devices is also offered in surface
mount (SMD) versions. Three types of packages are used to
satisfy customers' SMD needs: PLCC (plastic leaded chip
carrier); SOIC (small outline integrated circuit package); and
MPQFP (metric plastic quad flatpack). Many of the 3 micron
devices are also available in ceramic, dual-in-Iine, metal
seal, packages for applications which require ceramic
through-hole assembly.

Section 7 provides detailed information on all of the
packaging options.
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Ordering Masked ROM Devices

Manufacturing a masked ROM microcontroller requires that
the customer's code be translated to a topological represen-
tation on a photomask. Section 8 covers the means by which
a customer can provide ROM mask information to Harris.
Ordering of masked ROM microcontrollers must be coordi-
nated through a Harris sales representative. The information
specified in Section 8 must be provided to allow proper gen-
eration of the photomask.

Harris AnswerFAX - Automated FAX Response System

The current version of data sheets for Harris products can
be obtained via the Harris AnswerFAX system. Section 9
provides information on accessing the AnswerFAX system.

Application Notes

Application Notes covering the '05 and 'HC05 family of
MCUs, CPUs, and peripherals can be obtained via the Har-
ris AnswerFAX system. Section 9 provides a listing of the
currently available documents.
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The following are some of the hardware and software
highlights of the CDP68HC05C4 family of HCMOS Micro-
computers.

HARDWARE FEATURES (All Types)

• HCMOS Technology

• 8-Blt Architecture

• Power-saving STOP, WAIT and Data Retention Modes

• Fully Static Operation

• On-Chip Memory
- CDP68HC05C4, CDP68HCL05C4, CDP68HSC05C4

- 176 Bytes of RAM
- 4160 Bytes of User ROM

- CDP68HCOSC8, CDP68HCL05C8, CDP68HSC05C8
- 176 Bytes of RAM
- 7744 Bytes of User ROM

• 24 Bidirectional VO Lines and 7 Input-Only Lines

• Internal 16-Bit l1mer

• Serial Communications Interface (SCI) System

• Serial Peripheral Interface (SPI) System

• Self-Check Mode

• External, l1mer, SCI, and SPllnterrupts

• Master Reset and Power-On Reset

• On-Chip Oscillator with RC or Crystal Mask Options

• 40 Lead Dual-ln-L1ne, 44 Leadt Plastic Chip Carrier,
and 44 Lead Metric Plastic Quad Flatpack Packages

• CDP68HC05C4, CDP68HC05C8
- 4.2MHz Operating Frequency (2.1MHz Internal Bus

Frequency) at 5V; 2.OMHz (1.0MHz Internal Bus) at
3.0V

- Single 3.0V to 6.0V Supply (2.OV Data Retention
Mode)

• CDP68HCL05C4, CDP68HCL05C8
- Lower Supply Current, 100 In RUN, WAIT and STOP

Modes at 5.5V, 3.6V and 2.4V
- Single 2.4V to 6.0V Supply (2V Data Retention

Mode)

• CDP68HSC05C4, CDP68HSC05C8
• 8.0MHz Operating Frequency (4.0MHz Internal Bus

Frequency)
• Single 3.0V to 6.0V Supply (2.OV Data Retention Mode)

SOFTWARE FEATURES

• Similar to MC6800

• 8 x 8 Unsigned Multiply Instruction

• Efficient Use of Program Space

• Versatile Interrupt Handling

• True Bit ManipUlation

• Addressing Modes with Indexed Addressing for Table

• Efficient Instruction sat

• Memory Mapped VO

• Two Power-Saving Standby Modes

• Upward Software Compatible with the CDP6805
CMOS Family

Description
The CDP68HC05C4 HCMOS Microcomputer is a member of
the CDP68HC05 family of low-cost single chip microcomput-
ers. This 8-bit microcomputer unit (MCU) contains an on-
chip oscillator, CPU, 176 bytes of RAM, 4160 bytes of user
ROM, I/O, two serial interface systems, and timer. The fully
static design allows operation at frequencies down to DC.
further reducing its already low-power consumption.

The CDP68HC05C8 is similar to the CDP68HC05C4 except
for the size of on-chip ROM. The CDP68HC05C8 has 7744
bytes of on-chip user ROM. All information pertaining to the
CDP68HC05C4 MCU applies to the CDP68HC05C8 with
the exception of the memory description.

The CDP68HCL05C4 and CDP68HCL05C8 MCU devices
are low-power versions of the CDP68HC05C4 and
CDP68HC05C8, respectively. They contain all the features
of the CDP68HC05C4 and CDP68HC05C8 with additional
features of lower power consumption in the RUN. WAIT and
STOP modes; and low voltage operation down to 2.4V.

The CDP68HSC05C4 and CDP68HSC05C8 MCU devices
are high-speed versions of the CDP68HC05C4 and
CDP68HC05C8. respectively. They also contain all the fea-
tures of the CDP68HC05C4 and CDP68HC05C8 with the
additional capability of higher frequency operation at
8.0MHz.

t Pinnumberreferencesthroughoutthisspecificationreferto the 40
leadDIP.See pinoutsfor crossreference.

CAUTION: These devices are sensitiva to electrostatic discharge. Users should tollow proper I.C. Handling Procedures.

Copyright © Harris Corporation 1994
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CLOCK

The average chip-junction temperature, TJ, in °C can be
obtained from:

TJ = TA + (Po· 9JA) (Ea. 1)

Where: TA = Ambient Temperature, °C
9JA = Package Thermal Resistance,

Junction-te-Ambient, °CIW
Po = PINT+ PliO

PINT = Ice x Vee, Watts - Chip Internal Power
Pvo = Power Dissipation on Input and Output

Pins - User Determined

For most applications PlIO < PINTand can be neglected.

An approximate relationship between Po and TJ (if PlIO is
neglected) is:

Po = K + (TJ + 273°C) (Ea. 2)

Solving Equation 1 and Equation 2 for K gives:

K = po· (TA + 273°C) + 9JA· P02 (Ea. 3)

Where K is a constant pertaining to the particular part. K can
be determined from Equation 3 by measuring Po (at equilib-
rium) for a known TA. Using this value of K the values of Po
and TJ can be obtained by solving Equation 1 and Equation 2
iteratively for any value of TA.

PINS Rl R2 C

Voo= 4.5V

PAo-7, PBO-7, peO-7, PD6 3.26kn 2.381<0 SOpF

PDl-4 1.9kO 2.26kO 200pF

Voo=3.0V

PAo-7, PBO-7, PCo-7, PD6 10.19kn 6.32kn SOpF

PDl-4 6kn 8kCl 200pF

VDD

TESTt!

R

2
POINT

C = R,



Absolute Maximum Ratings Voltages Referenced to Vss

Supply Voltage, Voo -O.SV to +7V
Input Voltage, VIN Vss - 0.3V to Voo + 0.3V
Self-Gheck Mode (IRQ Pin Only), V1N .. Vss - 0.3V to 2 x Voo + 0.3V
Current Drain Per Pin Excluding Voo and Vss, I 2SmA
Operating Temperature Range, TA

CDP68HCOSC4, CDP68HCOSC8 -4Q°C to +12SoC
CDP68HCL05C4, CDP68HCLOSC8 ............• 0oC to +70oC
CDP68HSCOSC4, CDP68HSCOSC8 0oC to +70oC

Storage Temperature Range, TSTG -6SoC to +1S0oC

CAUTION: Stresses above those listed in -Absolute Maximum Ratings· may cause permanent damage to the device. This is a strBSS only rating and operation
of the device at these or any other conditions above those indicated in the operational ssctions of this spseification is not implied.

Thermal Resistance 8JA
Ceramic Dual-In-Une ..............•............. SOOCNI
Plastic Dual-In-Line .....................•...... 1000CNI
Plastic Chip Carrier 700CNI
Metric Plastic Quad Flat Pack ..•.•............... 1200CNI

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Output Voltage VOL ILOAO< 1O~A - 0.1 V

VOH Voo-O.l - - V

Output High Voltage
PAO-7, PBO-7, PCO-7, TCMP VOH ILOAO= -0.8mA Voo -0.8 - V

PDl-4 VOH ILOAO= -1.6mA Voo -0.8 - V

Output Low Voltage VOL ILOAO= 1.6mA - - 0.4 V
PAO-7, PBO-7, PCO-7, PDl-4, TCMP

Input High Voltage, PAO-7, PBD-7, PCO-7, PDO-S, VIH 0.7·Voo Voo V
PD7,TCAP,IRQ,RESET,OSCl

Input Low Voltage, PAD-7, PBO-7, PCO-7, PDO-S, VIL Vss 0.2·Voo V
PD7,TCAP,IRQ,RESET,OSCl

Data Retention Mode VRM TA = DoC to +70oC 2 V

Supply Current (See Notes)
Run 100 - 3.S 7 mA

WAIT 100 1.6 4 mA

STOP 100 TA = 2SoC 2 SO ~
TA = OOCto +70oC - 140 ~
TA = -40°C to +8SoC 180 ~
TA = -40°C to +12SoC - - 250 ~

I/O Ports Hi-Z Leakage Current IlL - ±10 ~
PAO-7, PBO-7, PCO-7, PDl-4

Input Current IIN - ±1 ~
RESET, IRQ,TCAP,OSC1,PDO, PDS, PD7

Capacitance Ports (As Input or Output) COUT - - 12 pF
RESET,IRQ, TCAP, OSC1, PDO-S, PD7

CIN - 8 pF

NOTES,

1. This device contains circuitry to protect the inputs against damage due to high static voltages of electric fields; however, it is advised that
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For
proper operation it is recommended that VIN and VOUT be constrained to the range VSS<{VIN or VOUT)<VOO'Reliability of operation is
enhanced if unused inputs except OSC2 are connected to an appropriate logic voltage level (e.g., either Vss or Voo).

2. All values shown reflect average measurement.

3. Typical values at midpoint of voltage range, 2SoC only.

4. WAIT '00: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.

S. Run (Operating) 100, WAIT 100, Measured using ex1emal square-wave clock source (fose = 4.2MHz), all inputs 0.2V from rail, no DC
loads, less than SOpF on all outputs, CL = 20pF on OSC2.

6. WAIT, STOP 100: All ports configured as inputs, V1L= 0.2V, V1H= Voo -0.2V.

7. STOP 100 measured with OSC1 = Vss.

8. WAIT 100 is affected linearly by the OSC2 capacitance.



PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Output Voltage VOL lLOAO$ 10llA - - 0.1 V

VOH VOO-O.l - V

Output High Voltage

PAD-7, PBQ-7, PCO-7, TCMP VOH ILOAO= -0.2mA Voo-Q·3 - - V

PDl-4 VOH 'LOAO= -O.4mA Voo-0.3 - - V

Output Low Voltage VOL ILOAO= O.4mA - - 0.3 V
PAO-7, PBD-7, PCD-7, PDl-4, TCMP

InpU1High Vo~e, PAO-7, PBD-7, PCO-7, PDO-S, VIH O.7·Voo VOO V
PD7, TCAP,IRQ, RESET, OSCl

InpU1Low Voltage, PAD-7, PBO-7, PCO-7, PDO-S, VIL Vss 02·Voo V
PD7, TCAP, IRQ, RESET, OSCl

Data Retention Mode VRM TA = OOCto +70oC 2 - - V

Supply Current (See Notes)

Run 100 - 1 2.5 mA

WAIT 100 - 0.5 1.4 mA

STOP 100 TA = 25°C 1 30 vA

TA = OOCto +70oC - 80 lIA

TA = -400C to +8SoC - - 120 vA

TA = -400C to +125°C - - 175 vA

1/0 Ports Hi-Z Leakage Current IlL - - ±10 vA
PAO-7, PBD-7, PCO-7, PDl-4

Input Current IIN - ±1 vA
RESET, IRQ,TCAP,OSC1,PDO, PDS, PD7

Capacitance Ports (As Input or Output) COUT - 12 pF
RESET,IRQ, TCAP, OSC1, PDO-5, PD7

CIN - - 8 pF

NOTES:

1. All values shown reflect average measurement.

2. Typical values at midpoint 01 voltage range, 25°C only.

3. WAIT 100: Only timer system active (SPE = TE = RE = 0). II SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.

4. Run (Operating) 100, WAIT 100: Measured using extemal square-wave clock source (lose = 4.2MHz), all inputs 0.2V Irom rail, no DC
loads, less than 50pF on all outputs, CL = 20pF on OSC2.

5. WAIT, STOP 100: All ports configured as inputs, VIL = 0.2V, VIH = VOO-0.2V.

6. STOP 100 measured with OSCl = Vss.

7. WAIT 100 is affected linearly by the OSC2 capacitance.

II)
a:w'...I0...1a:O

~a::EI-zoo



PARAMETER SYMBOL MIN MAX UNITS

Frequency 01 Operation
Crystal Option lose - 4.2 MHz

External Clock Option lose DC 4.2 MHz

Internal Operating Frequency

Crystal (Iosc + 2) lop - 2.1 MHz

External Clock (lose + 2) lop DC 2.1 MHz

Cycle Time (See Figure 11) !evc 480 - ns

Crystal Oscillator Start-up Time lor AT-cut Crystal (See Figure 11) loxov - 100 ms

Stop Recovery Start-up Time (AT-eut Crystal Oscillator) (See Figure 1) ~LCH - 100 ms

RESET Pulse Width (See Figure 11) !RL 1.5 !evc
Timer

Resolution (Note 2) !Res 4 - !evc
Input Capture Pulse Width (See Figure 2) tTH• tTL 125 - ns

Input Capture Pulse Period (See Figure 2) tTLTL (Note 3) - !evc
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) ~L1H 125 - ns

Interrupt Pulse Period (See Figure 14) ~L1H (Note 1) - !evc
OSCl Pulse Width loH.loL 90 - ns

NOTES:
1. The minimum period ~L1Lshould not be less than the number 01 cycle times it takes to execute the interrupt service routine plus 21 !evc.
2. Since a 2-bil prescaler in the timer must count lour internal cycles (!evel. this is lihe limiting minimum lactor in determining lihe timer resolution.
3. The minimum period tTLTLshould not be less than lihenumber 01 cycle times it takes to execute the capture interrupt service routine plus 24 !evc.

PARAMETER SYMBOL MIN MAX UNITS

Frequency Of Operation
Crystal Option lose 2.0 MHz

External Clock Option lose DC 2.0 MHz

Internal Operating Frequency
Crystal (fose + 2) lop - 1.0 MHz

External Clock (lose + 2) lop DC 1.0 MHz

Cycle Time (See Figure 11) !evc 1000 - ns

Crystal Oscillator Start-up Time lor AT-cut Crystal (See Figure 11) loxov - 100 ms

Stop Recovery Start-up Time (AT-cut Crystal Oscillator) (see Figure 1) ~LCH 100 ms

RESET Pulse Width (See Figure 11) !RL 1.5 - !evc
Timer

Resolution (Note 2) !Res 4 !evc
Input Capture Pulse Width (See Figure 2) tTH. tTL 250 ns

Input Capture Pulse Period (See Figure 2) tTLTL (Note 3) !evc
Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) ~L1H 250 - ns

Interrupt Pulse Period (See Figure 14) ~LIH (Note 1) - !evc
OSCl Pulse Width loH.loL 200 - ns

NOTES:
1. The minimum period ~L1Lshould not be less than the number 01 cycle times it takes to execute the interrupt service routine plus 21 !evc.
2. Since a 2-bit prescaler in the timer must count lour internal cycles (!evel. this is the limiting minimum lactor in determining the timer resolution.
3. The minimum period tTLTLshould not be less than the number of cycle times it takes to execute the capture interrupt service routine plus 24 !evc.



Serial Peripheral Interface (SPI) Timing (See Figure 3) Voo= 5V ±10%, Vss = OV, TA = -4O"C to +1250C
Unless Otherwise Specified.

NUMBER PARAMETER SYMBOL MIN MAX UNITS

Operating Frequency
Master fOP(M) DC 0.5 fOp (Note 3)

Slave fop(s) DC 2.1 MHz

1 Cycle Time
Master !eVC(M) 2.0 - !eVC

Slave !eVC(S) 480 ns

2 Enable Lead Time
Master It.EAO(M) (Note 1) -
Slave It.EAO(S) 240 ns

3 Enable Lag Time
Master UG(M) (Note 1) - -
Slave UG(S) 240 ns

4 Clock (SCK) High Time
Master tW(SCKH)M 340 - ns

Slave tW(SCKH)S 190 - ns

5 Clock (SCK) Low Time
Master tW(SCKL)M 340 ns

Slave tW(SCKL)S 190 - ns

6 Data Setup Time (Inputs)
Master tSU(M) 100 ns

Slave tSU(S) 100 - ns

7 Data Hold Time (Inputs)
Master !H(M) 100 - ns

Slave !H(S) 100 - ns

8 Access Time (Time to Data Active from High Impedance State)
Slave tA 0 120 ns

9 Disable Time (Hold Time to High Impedance State)
Slave tOIS - 240 ns

10 Data Valid Time
Master (Before Capture Edge) tV(M) 0.25 !eVC(M)

Slave (After Enable Edge) (Note 2) tV(S) - 240 ns

11 Data Hold Time (Outputs)
Master (After Capture Edge) !HO(M) 0.25 - !eVC(M)

Slave (After Enable Edge) !Ho<S) 0 - ns

12 Rise Time (Voo = 20% to 70%, CL = 2oopF)
SPI Outputs (SCK, MOSI, MISO) !R(M) - 100 ns

SPI Inputs (SCK, MOSI, MISO, SS) !R(S) - 2.0 I.IS

13 Fall Time (Voo = 20% to 70%, CL = 200pF)
SPI Outputs (SCK, MOSI, MISO) q,(M) - 100 ns

SPllnputs (SCK, MOSI, MISO, SS) q,(S) 2.0 I.IS

NOTES:

1. Signal Production depends on software.

2. Assumes 200pF load on all SPI pins.

3. Note that the units this specification uses is fop (intemal operating frequency), not MHzl In the master mode the SPI bus is capable of
running at one-half of the devices's internal operating frequency, therefore 1.05MHz maximum.
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serial Peripheral Interface (SPI) Timing (See Figure 3) Voo= 3.3V ±10%, Vss = OV, TA = -4O"C to +125°C
Unless Otherwise Specified.

NUMBER PARAMETER SYMBOL MIN MAX UNITS

Operating Frequency
Master IOP(M) DC 0.5 lOp (Note 3)

Slave lop(s) DC 1.0 MHz

1 Cycle Time
Master leVC(M) 2.0 · levc

Slave leVC(S) 1.0 · lIS

2 Enable Lead Time
Master 't.EAO(M) (Note 1) - .
Slave tLEAO(S) 500 · ns

3 Enable Lag Time
Master It.AG(M) (Note 1) · .
Slave tLAG(S) 500 · ns

4 Clock (SCK) High Time
Master tW(SCKH)M 720 - ns

Slave tW(SCKH)S 400 · ns

5 Clock (SCK) Low Time
Master tW(SCKL)M 720 · ns

Slave tW(SCKL)S 400 · ns

6 Data Setup Time (Inputs)
Master tsu(M) 200 - ns

Slave tsU(S) 200 · ns

7 Data Hold Time (Inputs)
Master !H(M) 200 · ns

Slave !H(S) 200 · ns

8 Access Time (Time to Data Active from High Impedance State)
Slave tA 0 250 ns

9 Disable Time (Hold Time to High Impedance State)
Slave lots - 500 ns

10 Data Valid Time
Master (Belore Capture Edge) tV(M) 0.25 · leVC(M)

Slave (After Enable Edge) (Note 2) tV(S) · 500 ns

11 Data Hold Time (Outputs)
Master (After Capture Edge) tHO(M) 0.25 · leVC(M)

Slave (After Enable Edge) !Ho(S) 0 · ns

12 Rise Time (Voo = 20% to 70%, CL = 200pF)
SPI Outputs (SCK, MOSI, MISO) !R(M) - 200 ns

SPllnputs (SCK, MOSI, MISO, 88) !R(S) · 2.0 lIS

13 Fall Time (VOO= 20% to 70%, CL = 2oopF)
SPI Outputs (SCK. MOSI, MISO) "'(M) · 200 ns

SPI Inputs (SCK, MOSI, MISO, SS) "'<S) · 2.0 lIS

NOTES:

1. Signal Production depends on software.

2. Assumes 200pF load on all SPI pins.

3. Note that the units this specification uses Is fop (Internal operating frequency), not MHzl In the master mode the SPI bus is capable of
running at one-half of the devices's intemal operating frequency, therefore 0.05MHz maximum.



PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Output Voltage VOL ILOAO,;101lA - - 0.1 V

VOH VOO-O.l - V

Output High Voltage

PAO-7, PBO-7, PCO-7, TCMP VOH ILOAO= -0.8mA Voo -0.8 - - V

PDl-4 VOH ILOAO= -1.6mA Voo-0.8 - - V

Output Low Voltage VOL ILOAO= 1.6mA - - 0.4 V
PAO-7, PBQ-7, PCO-7, PDl-4, TCMP

Input High Vo~e, PAO-7, PBQ-7, PCO-7, PDO-5, VIH O.7·Voo Voo V
PD7, TCAP, IRQ, RESET, OSCl

Input Low Vo~e, PAQ-7, PBO-7, PCO-7, PDQ-5, V,L Vss 0.2·Voo V
PD7, TCAP, IRQ, RESET, OSCl

Data Retention Mode VAM TA = OOCto +70oC 2 - - V

Supply Current (See Notes)

Run 100 - - 5 mA

WAIT 100 - - 2.75 mA

STOP 100 TA = 25°C - - 15 1IA

TA = OoCto +70oC - 25 1IA

VO Ports Hi-Z Leakage Current IlL - - ±1 1IA
PAO-7, PBQ-7, PCO-7, PDl-4

Input Current IIN - - ±1 1IA
RESET,IRQ,TCAP,OSC1,PDO,PD5,PD7

Capacitance Ports (As Input or Output) COLrr - - 12 pF
RESET,IRQ, TCAP, OSC1, PDO-5, PD7

CIN - - 8 pF

NOTES:

1. All values shown reflect average measurement.

2. Typical values at midpoint 01 voltage range, 25°C only.

3. WAIT 100: Only timer system active (SPE = TE = RE = 0). II SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.

4. Run (Operating) 100,WAIT 100: Measured using extemal square-wave clock source (lose = 4.2MHz), all inputs 0.2V Irom rail, no DC
loads, less than 50pF on all outputs, CL = 20pF on OSC2.

5. WAIT, STOP 100:All ports configured as inputs, V,L = 0.2V, VIH = Voo - 0.2V.

6. STOP 100 measured with OSCl = Vss.

7. WAIT 100 is affected linearly by the OSC2 capacitance.
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Output Voltage VOl ILOAOS 101lA - - 0.1 V

VOH VOO-0.1 - - V

Output High Voltage

PAO-7, PBO-7, PCO-7, TCMP VOH ILOAO= -o.2mA Voo -0.3 - - V

PDl-4 VOH ILOAO= -o.4mA Voo -0.3 - - V

Output low Voltage VOl ILOAO= 0.4mA - - 0.3 V
PAO-7, PBQ-7, PCO-7, PDl-4, TCMP

Input High Vo~e, PAO-7, PBQ-7, PCO-7, PDO-S, VIH 0.7·Voo Voo V
PD7, TCAP, IRO, RESET, OSC1

Input low Voltage, PAQ-7, PBo-7, PCO-7, PDQ-S, VIL Vss O.2·VOO V
PD7, TCAP, IRO, RESET, OSC1

Data Retention Mode VRM TA = OOCto +700C 2 - - V

Supply Current (3.6Voc at fose = 2MHz)

Run 100 - - 1.7S mA

WAIT 100 - 900 IlA

STOP 100 TA = 2SoC - - S IlA

TA = OOCto +70oC - - 10 J!A

Supply Current (2.4Voc at fose = 1MHz)

Run 100 - - 750 J!A

WAIT 100 - - 400 J!A

STOP 100 TA = 2SOC - - 2.0 IlA

TA = OOCto +70oC - - S.O IlA

I/O Ports Hi-Z leakage Current IlL - ±1 IlA
PAO-7, PBQ-7, PCO-7, PDl-4

Input Current IIN - - ±1 IlA
RESET, IRO,TCAP,OSC1,PDO, PDS, PD7

Capacitance Ports (As Input or Output) COlJT - - 12 pF
RESET, IRO, TCAP, OSC1, PDO-S, PD7

CIN - 8 pF

NOTES:

1. All values shown reflect average measurement.

2. Typical values at midpoint of voltage range, 2SoC only.

3. WAIT 100: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.

4. Run (Operating) 100, WAIT 100: Measured using extemal square-wave clock source, all inputs 0.2V from rail, no DC loads, less than SOpF
on all outputs, CL = 20pF on OSC2.

S. WAIT, STOP 100: All ports configured as inputs, VIL = 0.2V, V1H= Voo -O.2V.

6. STOP 100 measured with OSC1 = Vss.

7. WAIT 100 is affected linearly by the OSC2 capacitance.



PARAMETER SYMBOL MIN MAX UNITS
Frequency 01 Operation

Crystal Option lose - 4.2 MHz

External Clock Option losc DC 4.2 MHz

Internal Operating Frequency

Crystal (Iosc + 2) lop - 2.1 MHz

External Clock(Iosc + 2) lop DC 2.1 MHz

Cycle Time (See Figure 11) !evc 480 - ns

Crystal Oscillator Start-up Time lor AT-cut Crystal (See Figure 11) Ioxov - 100 ms

Stop Recovery Start-up Time (AT-cut Crystal Oscillator) (See Figure 1) ~lCH 100 ms

RESET Pulse Width (See Figure 11j !Rl 1.5 !evc

Timer
Resolution (Note 2) !Res 4 !evc

Input Capture Pulse Width (See Figure 2) tTH. tTl 125 - ns

Input Capture Pulse Period (See Figure 2) tTlTl (Note 3) - !evc

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) ~lIH 125 ns

Interrupt Pulse Period (See Figure 14) ~lIH (Note 1) - !evc

OSCl Pulse Width IoH.lol 90 - ns

NOTES:
1. The minimum period ~lIl should not be less than the number 01 cycle times it takes to execute the interrupt service routine plus 21 !evc.
2. Since a 2-biI prescaler in the timer must count lour Internal cycles (!eve). this is the limiting minimum lactor in determining the timer resolution.
3. The minimum period tTlTl should not be less than the number 01cycle times n takes to execute the capture interrupt service routine plus 24 !evc.

PARAMETER SYMBOL 3.6Voc 2.4Voc UNITSMIN MAX MIN MAX
Frequency 01 Operation

Crystal Option lose 2.0 1.0 MHz

External Clock Option lose DC 2.0 DC 1.0 MHz

Internal Operating Frequency

Crystal (lose + 2) lop - 1.0 - 0.5 MHz

External Clock (Iosc + 2) lop DC 1.0 DC 0.5 MHz

Cycle Time (See Figure 11) !evc 1000 - 2000 - ns

Crystal Oscillator Start-up Time lor AT-cut Crystal (See Figure 11) Ioxov 100 - 100 ms

Stop Recovery Start-up Time (AT-cut Crystal Oscillator) (See Figure 1) ~lCH 100 - 100 ms

RESET Pulse Width (See Figure 11) tAl 1.5 1.5 - !evc

Timer
Resolution (Note 2) !Res 4.0 - 4.0 - !evc

Input Capture Pulse Width (See Figure 2) tTH. tTl 250 - 500 - ns

Input Capture Pulse Period (See Figure 2) !TlTl (Note 3) - (Note 3) - !evc

Interrupt Pulse Width Low (Edge- Triggered) (See Rgure 14) ~lIH 250 - 500 . ns

Interrupt Pulse Period (See Figure 14) ~llH (Note 1) - (Note 1) !evc

OSCl Pulse Width IoH.lol 200 - 400 ns

NOTES:
1. The minimum period ~lIl should not be less than the number 01 cycle times it takes to execute the interrupt service routine plus 21 !evc.
2. Since a 2-bil prescaler in the timer must count lour internal cycles (!eve). this is the limiting minimum lactor In determining the timer resolution.
3. The minimum period !TlTl should not be less than the number 01 cycle times it takes to execute the capture interrupt service routine plus 24 !evc.
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Serial Peripheral Interface (SPI) Timing (See Figure 3) VDD = 5V ±10%, Vss = OV, TA = OOCto +70oC
Unless Otherwise Specified.

NUMBER PARAMETER SYMBOL MIN MAX UNITS

Operating Frequency

Master fOP(M) DC 0.5 fOp (Note 3)

Slave fop(s) DC 2.1 MHz

1 Cycle Time
Master leVC(M) 2.0 - levc

Slave leVC(s) 480 ns

2 Enable Lead Time
Master !LEAD(M) (Note 1) - -
Slave !LEAD(s) 240 - ns

3 Enable Lag Time
Master UG(M) (Note 1) - -
Slave UG(s) 240 - ns

4 Clock (SCK) High Time
Master tW(sCKH)M 340 - ns

Slave tW(sCKH)s 190 - ns

5 Clock (SCK) Low Time
Master tW(SCKL)M 340 - ns

Slave tW(sCKL)s 190 - ns

6 Data Setup Time (Inputs)
Master tsU(M) 100 - ns

Slave tsU(s) 100 - ns

7 Data Hold Time (Inputs)
Master 41(M) 100 - ns

Slave tH(s) 100 - ns

8 Access Time (Time to Data Active from High Impedance State)
Slave tA 0 120 ns

9 Disable Time (Hold Time to High Impedance State)
Slave tDis 240 ns

10 Data Valid Time

Master (Before Capture Edge) tV(M) 0.25 leVC(M)

Slave (After Enable Edge)(Note 2) tV(s) - 240 ns

11 Data Hold Time (Outputs)
Master (After Capture Edge) 41o(M) 0.25 leVC(M)

Slave (After Enable Edge) 410(5) 0 - ns

12 Rise Time (VDD = 20% to 70%, CL = 2oopF)
SPI Outputs (SCK, MOSI, MISO) tR(M) 100 ns

SPI Inputs (SCK, MOSI, MISO, SS) !R(s) 2.0 IlS

13 Fall Time (VDD = 20% to 70%, CL = 200pF)
SPI Outputs (SCK, MOSI, MISO) 4o(M) - 100 ns

SPllnputs (SCK, MOSI, MISO, SS) 40(5) 2.0 IlS

NOTES:

1. Signal Production depends on software.

2. Assumes 200pF load on all SPI pins.

3. Note that the units this specification uses is fop (internal operating frequency), not MHzl In the master mode the SPI bus is capable of
running at one-half of the devices's internal operating frequency, therefore 1.05MHz maximum.



Serial Peripheral Interface (SPI) Timing (See Figure 3) Voo= 2.4V -3.6Voc, Vss = OV, TA = O"C to +70"C
Unless Otherwise Specified.

3.6Voc 2.4Voc
NUMBER PARAMETER SYMBOL MIN MAX MIN MAX UNITS

Operating Frequency
Master fOP(M) DC 0.5 DC 0.5 fop

(Note 3)

Slave fop(s) DC 1.0 DC 0.5 MHz

1 Cycle Time
Master leYC(M) 2.0 - 2.0 - leyC

Slave leyC(S) 1.0 - 2.0 - lIS

2 Enable Lead Time
Master It.EAO(M) (Note 1) - (Note 1) -
Slave It.EAO(S) 500 - TBD - ns

3 Enable Lag Time
Master UG(M) (Note 1) - (Note 1) -
Slave UG(S) 500 TBD - ns

4 Clock (SCK) High Time
Master tW(SCKH)M 720 - TBD - ns

Slave tW(SCKH)S 400 TBD - ns

5 Clock (SCK) Low Time
Master tW(SCKL)M 720 TBD - ns

Slave tW(SCKL)S 400 TBD - ns

6 Data Setup Time (Inputs)
Master tSU(M) 200 TBD ns

Slave tSU(S) 200 TBD ns

7 Data Hold Time (Inputs)
Master tH(M) 200 - TBD ns

Slave tHIS) 200 - TBD - ns

8 Access Time (Time to Data Active from High Impedance State)
Slave tA 0 250 0 TBD ns

9 Disable Time (Hold Time to High Impedance State)
Slave tOIS 500 - TBD ns

10 Data Valid'Time
Master (Before Capture Edge) tV(M) 0.25 TBD leYC(M)

Slave (After Enable Edge) (Note 2) tV(S) - 500 - ns

11 Data Hold Time (Outputs)
Master (After Capture Edge) tHO(M) 0.25 - TBD - teYC(M)
Slave (After Enable Edge) tHO(S) 0 0 - ns

12 Rise Time (VOO= 20% to 70%, CL = 200pF)
SPI Outputs (SCK, MOSI, MISO) tR(M) 200 TBD ns

SPI Inputs (SCK, MOSI, MISO, SS) tR(S) - 2.0 TBD lIS

13 Fall Time (VOO= 20% to 70%, CL = 200pF)
SPI Outputs (SCK, MOSI, MISO) tF(M) - 200 TBD ns

SPI Inputs (SCK, MOSI, MISO, SS) tF(S) - 2.0 - TBD lIS

NOTES:

1. Signal Production depends on software.
2. Assumes 200pF load on all SPI pins.
3. Note that the units this specification uses is fop (intemal operating frequency), not MHz! In the master mode the SPI bus is capable of

running at one-half of the devices's internal operating frequency.
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Output Voltage VOL ILOAO:s10jlA - - 0.1 V

VQH Voo-0.1 - V

Output High Voltage

PAo-7, PBO·7, PCO-7, TCMP VQH ILOAO= -a.8mA Voo -0.8 - V

PDl-4 VQH ILOAO= -1.6mA Voo-0.8 - - V

Output Low Voltage VOL ILOAO= 1.6mA · - 0.4 V
PAo-7, PBo-7, PCo-7, PDl-4, TCMP

Input High Vo~e, PAo-7, PBo-7, PCO-7, PDQ-5, VIH 0.7·Voo Voo V
PD7, TCAP, IRa, RESET, OSC1

Input Low Vo~e, PAo-7, PBO·7, PCO-7, PDO-5, VIL Vss 0.2·Voo V
PD7, TCAP, IRa, RESET, OSC1

Data Retention Mode VRM TA = OOCto +70oC 2 - - V

Supply Current (See Notes)

Run 100 - 6.7 13.3 mA

WAIT 100 · 3.0 7.6 mA

STOP 100 TA = 25°C · 2.0 50 IlA

TA = OOCto +700C - - 140 IlA

VO Ports HI-Z Leakage Current IlL - - ±10 IlA
PAO-7, PBo-7, PCo-7, PDl-4

Input Current IIN - . ±1 IlA
RESET,IRO,TCAP,OSC1,PDO,PD5,PD7

Capacitance Ports (As Input or Output) COUT 12 pF
RESET, IRO, TCAP, OSC1, PDQ-5, PD7

CIN · - 8 pF

NOTES:

1. All values shown reflect average measurement

2. Typical values at midpoint of voltage range, 25°C only.

3. WAIT 100: Only timer system active (SPE = TE = RE = 0). If SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.

4. Run (Operating) 100, WAIT 100: Measured using external square-wave clock source (fose = 8.0MHz), all inputs 0.2V from rail, no DC
loads, less than 50pF on all outputs, CL = 20pF on OSC2.

5. WAIT, STOP 100: All ports configured as inputs, V1L= 0.2V, VIH = VOO- 0.2V.

6. STOP 100 measured with OSC1 = Vss.

7. WAIT 100 Is affected linearly by the OSC2 capacitance.



PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Output Voltage VOl. ILOAO$101JA - - 0.1 V

VQH Voo-O.l - - V

Output High Voltage

PAo-7, PBO-7, PCO-7, TCMP VQH ILOAO= -a.8mA Voo-0.3 - - V

PDl-4 VQH 'LOAD= -1.6mA Voo -0.3 - - V

Output Low Voltage VOl. 'LOAD= 1.6mA - - 0.3 V
PAO-7, PBo-7, PCO-7, PDl-4, TCMP

Input High Voltage, PAO-7, PBo-7, PCO-7, PDQ-5, V1H O.7·Voo Voo V
PD7,TCAP,IRQ,RESET,OSCl

Input Low Vo~e, PAo-7, PBO-7, PCO-7, PDO-5, VIL Vss 0.2·Voo V
PD7, TCAP, 'RQ, RESET, OSCl

Data Retention Mode VRM TA = OOCto +70"C 2 - - V

Supply Current (See Notes)

Run 100 - 1.0 2.5 mA

WAIT 100 - 0.5 1.4 mA

STOP 100 TA = 25°C - 1.0 30 IIA

TA = OOCto +70oC - - 80 IIA

VO Ports Hi-Z Leakage Current IlL - ±10 IIA
PAO-7, PBo-7, PCO-7, PDl-4

Input Current IIN - - ±1 IIA
RESET,IRQ,TCAP,OSC1,PDO,PD5,PD7

Capacitance Ports (As Input or OUtput) COUT - 12 pF
RESET,IRQ, TCAP, OSC1, PDQ-5, PD7

CIN - - 8 pF

NOTES:

1. All values shown reflect average measurement.

2. Typical values at midpoint 01 voltage range, 25°C only.

3. WAIT 100: Only timer system active (SPE = TE = RE = 0). II SPI, SCI active (SPE = TE = RE = 1) add 10% current draw.

4. Run (Operating) 100, WAIT 100: Measured using extemal square-wave clock source (lose = 2.0MHz), all inputs 0.2V lrom rail, no DC
loads, less than 50pF on all outputs, CL = 20pF on OSC2.

5. WAIT, STOP 100:All ports configured as Inputs, VIL = 0.2V, VIH = Voo - 0.2V.

6. STOP 100 measured with OSCl = Vss.

7. WAIT 100 is affected linearly by the OSC2 capacitance.
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PARAMETER SYMBOL MIN MAX UNITS
Frequency 01 Operation

Crystal Option lose - 8.0 MHz

Extemal Clock Option lose DC 8.0 MHz

Internal Operating Frequency

Crystal (lose + 2) lop - 4.0 MHz

Extemal Clock (lose + 2) lop DC 4.0 MHz

Cycle Time (See Rgure 11) !eve 250 ns

Crystal Oscillator Start-up Time lor AT-<:utCrystal (See Figure 11) Ioxov - 100 InS

Stop Recovery Start-up Time (AT-<:U1Crystal Oscillator) (See Figure 1) ~LeH - 100 InS

RESET Pulse Width (See Figure 11) !RL 1.5 - !eve

Timer
Resolution (Note 2) tREs 4 !eve

Input Capture Pulse Width (See Figure 2) tTHotTL 63 ns

Input Capture Pulse Period (See Figure 2) tTLTL (Note 3) !eve

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) tlLlH 63 ns

Interrupt Pulse Period (See Figure 14) ~L1H (Note 1) !eve

OSC1 Pulse Width IoH.IoL 45 - ns

NOTES:
1. The minimum period ~L1Lshould not be less than the number 01 cycle times it takes to execU1ethe interrupt service routine plus 21 !eve.
2. Since a 2-bil prescaler in the timer must count lour internal cycles (!evel. this is the limiting minimum lactor in determining the timer resolution.
3. The minimum period tTLTLshould not be less than the number 01 cycle times ~takes to execute the capture interrupt service routine plus 24 !eve.

PARAMETER SYMBOL MIN MAX UNITS
Frequency 01Operation

Crystal Option lose - 2.0 MHz

External Clock Option lose DC 2.0 MHz

Internal Operating Frequency

Crystal (lose + 2) lop 1.0 MHz

Extemal Clock (lose + 2) lop DC 1.0 MHz

Cycle Time (See Figure 11) !eve 1000 - ns

Crystal Oscillator Start-up Time lor AT-<:utCrystal (See Figure 11) Ioxov - 100 InS

Stop Recovery Start-up Time (AT-<:utCrystal Oscillator) (See Figure 1) ~LeH - 100 ms

RESET Pulse Width (See Figure 11) tRL 1.5 - !eve

Timer

Resolution (Note 2) !RES 4 !eve

Input Capture Pulse Width (See Figure 2) tTH. tTL 250 ns

Input Capture Pulse Period (See Figure 2) tTLTL (Note 3) - !eve

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 14) ~L1H 250 - ns

Interrupt Pulse Period (See Figure 14) ~L1H (Note 1) - !eve

OSC1 Pulse Width IoH.IoL 200 - ns

NOTES:

1. The minimum period ~L1Lshould not be less than the number 01cycle times it takes to execU1e the interrupt service routine plus 21 !eve.
2. Since a 2-bit prescaler in the timer must count lour internal cycles (!eve). this is the limiting minimum lactor in determining the timer resolution.
3. The minimum period tTLTLshould not be less than the number 01cycle times it takes to execU1ethe capture interrupt service routine plus 24 !eve.



Serial Peripheral Interface (SPI) Timing (See Figure 3) Voo = 5V ±10%, Vss = OV, TA = O"C to +70"C
Unless Otherwise Specified.

NUMBER PARAMETER SYMBOL MIN MAX UNITS

Operating Frequency
Master fOP(M) DC 0.5 fOp (Note 3)

Slave fop(s) DC 4.0 MHz

1 Cycle Time
Master !evc(M) 2.0 · !evc

Slave !eVC(S) 250 · ns

2 Enable Lead Time
Master !(.eAD(M) (Note 1) · -
Slave !(.EAD(S) TBD · ns

3 Enable Lag Time
Master UG(M) (Note 1) -
Slave UG(S) TBD ns

4 Clock (SCK) High Time

Master tW(SCKH)M TBD ns

Slave tW(SCKH)S TBD ns

5 Clock (SCK) Low Time
Master tW(SCKL)M TBD ns

Slave tW(SCKL)S TBD ns

6 Data Setup Time (Inputs)

Master lsU(M) TBD ns

Slave tSU(S) TBD · ns

7 Data Hold Time (Inputs)
Master !H(M) TBD - ns

Slave !H(S) TBD · ns

8 Access Time (Time to Data Active from High Impedance State)
Slave tA 0 TBD ns

9 Disable Time (Hold Time to High Impedance State)
Slave tolS · TBD ns

10 Data Valid Time

Master (Before Capture Edge) tV(M) TBD · !eVC(M)

Slave (After Enable Edge) (Note 2) tV(S) - TBD ns

11 Data Hold Time (Outputs)
Master (After Capture Edge) ltio(M) TBD · !eVC(M)

Slave (After Enable Edge) ltio(S) 0 · ns

12 Rise Time (Voo = 20% to 70%, CL = 200pF)
SPI Outputs (SCK, MOSI, MISO) !A(M) TBD ns

SPllnputs (SCK, MOSI, MISO, SS) !A(S) TBD J!S

13 Fall Time (Voo = 20% to 70%, CL = 200pF)
SPI Outputs (SCK, MOSI, MISO) !F(M) · TBD ns

SPllnputs (SCK, MOSI, MISO, SS) !F(S) · TBD J!S

NOTES:

1. Signal Production depends on software.

2. Assumes 200pF load on all SPI pins.

3. Note that the units this specification uses is fop (internal operating frequency), not MHzl In the master mode the SPI bus is capable of
running at one-half of the devices's internal operating frequency, therefore 2.0MHz maximum.
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Serial Peripheral Interface (SPI) Timing (See Figure 3) Voo = 3.3V ±10%, Vss = OV, TA = oOC to +70oC
Unless Otherwise Specified.

NUMBER PARAMETER SYMBOL MIN MAX UNITS

Operating Frequency
Master fOP(M) DC 0.5 fop (Note 3)

Slave fOp(S) DC 1.0 MHz

1 Cycle Time
Master leYC(M) 2.0 leyC

Slave leyC(S) 1.0 - IlS

2 Enable Lead Time
Master !LEAO(M) (Note 1) -
Slave !LEAO(S) 500 - ns

3 Enable Lag Time
Master UG(M) (Note 1) - -
Slave UG(S) 500 - ns

4 Clock (SCK) High Time
Master tW(SCKH)M 720 - ns

Slave tW(SCKH)S 400 - ns

5 Clock (SCK) Low Time
Master tW(SCKl)M 720 - ns

Slave tW(SCKl)S 400 - ns

6 Data Setup Time (Inputs)
Master lsU(M) 200 - ns

Slave lsu(s) 200 - ns

7 Data Hold Time (Inputs)
Master lti(M) 200 ns

Slave lti(S) 200 ns

8 Access Time (Time to Data Active from High Impedance State)
Slave tA 0 250 ns

9 Disable Time (Hold Time to High Impedance State)
Slave tOIS - 500 ns

10 Data Valid Time
Master (Before Capture Edge) tV(M) 0.25 - leYC(M)

Slave (After Enable Edge) (Note 2) tV(S) - 500 ns

11 Data Hold Time (Outputs)
Master (After Capture Edge) 4io(M) 0.25 - leYC(M)

Slave (After Enable Edge) ltiO(S) 0 - ns

12 Rise Time (VOO= 20% to 70%, Cl = 200pF)
SPI Outputs (SCK, MOSI, MISO) !A(M) 200 ns

SPI Inputs (SCK, MOSI, MISO, SS) !A(S) - 2.0 IlS

13 Fall Time (Voo = 20% to 70%, Cl = 200pF)
SPI Outputs (SCK, MOSI, MISO) !F<M) - 200 ns

SPllnputs (SCK, MOSI, MISO, SS) !F(S) - 2.0 IlS

NOTES:

1. Signal Production depends on software.

2. Assumes 200pF load on all SPI pins.

3. Note that the units this specification uses is fop (internal operating frequency), not MHzl In the master mode the SPI bus is capable of
running at one-half of the devices's internal operating frequency, therefore 500kHz maximum.
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(NOTE 2)

IRQ
(NOTE 3)

INTERNAL
ADDRESS

BUS

NOTES:
1. Represents the internal gating of the OSC1 pin.
2. IRQ pin edge-sensitive mask option.
3. IRQ pin level and edge-sensitive mask option.

~
RESET OR INTERRUPT

VECTOR FETCH

060 :x 000 X... _
FIGURE 3A. SPI MASTER TIMING CPOL = 0, CPHA = 1

FIGURE 3. TIMING DIAGRAMS
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FIGURE 3D. SPI MASTER TIMING CPOL = 1, CPHA = 0

FIGURE 3. TIMING DIAGRAMS (Continued)
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(INPUT)

(6) NOTE:MeasurementpointsareVOL,VOH'V1Land V1H

FIGURE3H. SPISLAVETIMINGCPOL= 1, CPHA= 0
FIGURE3. TIMINGDIAGRAMS(Continued)

Functional Pin Description, Input/Output
Programming, Memory, CPU Registers,
and Self-Check
This section provides a description of the functional pins,
input/output programming, memory, CPU registers, and self-
check.

FUNCTIONAL PIN DESCRIPTION

VDDsnd Vss
Power is supplied to the MCU using these two pins. Voo is
power and Vss is ground.

IRQ (Msskable Interrupt Request)

IRQ is a programmable option which provides two different
choices of interrupt triggering sensitivity. These options are:
1.) Negative edge-sensitive triggering only, or 2.) Both nega-
tive edge-sensitive and level-sensitive triggering. In the latter
case, either type of input to the IRQ pin will produce the
interrupt. The MCU completes the current instruction before
it responds to the interrupt request. When the IRQ pin goes
low for at least one tlLlH, a logic one is latched internally to
signify an interrupt has been requested. When the MCU
completes its current instruction, the interrupt latch is tested.
If the interrupt latch contains a logic one, and the interrupt
mask bit (I bit) in the condition code register is clear, the
MCU then begins the interrupt sequence.

If the option is selected to include level-sensitive triggering,
then the IRQ input requires an external resistor to Voo for
"wire-OR" operation. See INTERRUPTS for more detail con-
cerning interrupts.

RESET
The RESET input is not required for startup but can be used to
reset the MCU internal state and provide an orderly software
startup procedure. Refer to RESETS for a detailed description.

TCAP

The TCAP input controls the input capture feature for the on-
chip programmable timer system. Refer to Input Capture
Register for additional information.

TCMP

The TCMP pin (35) provides an output for the output com-
pare feature of the on-Chip timer system. Refer to Output
Compare Register for additional information.

OSC1,OSC2

The CDP68HC05C4 family of MCUs can be configured to
accept either a crystal input or an RC network to control the
internal oscillator. The internal clocks are derived by a
divide-by-two of the internal oscillator frequency (fosel.

Crystal

The circuit shown in Figure 48 is recommended when using
a crystal. The internal oscillator is designed to interface with
an AT-cut parallel resonant quartz-erystal resonator in the
frequency range specified for fose in Control Timing. Use of
an external CMOS oscillator is recommended when crystals
outside the specified ranges are to be used. The crystal and
components should be mounted as close as possible to the
input pins to minimize output distortion and startup stabiliza-
tion time. Refer to DC Electrical Specifications for Voo
specifications.

Ceramic Resonator

A ceramic resonator may be used in place of the crystal in cost-
sens~ive applications. The circu~ in Figure 48 is recommended
when using a ceramic resonator. Rgure 4A lists the recom-
mended capac~ance and feedback resistance values. The
manufacturer of the particular ceramic resonator being consid-
ered should be consu~ed for specific information.



If the RC oscillator option is selected, then a resistor is con-
nected to the oscillator pins as shown in Figure 4D.

External Clock

An external clock should be applied to the OSC1 input with
the OSC2 input not connected, as shown in Figure 4E. An
external clock may be used with either the RC or crystal
oscillator option. The toxov or tlLCH specifications do not
apply when using an extemal clock input. The equivalent
specification of the extemal clock source should be used in
lieu of toxov or tILCH'

PAO - PA7

These eight 1/0 lines comprise port A. The state of any pin is
software programmable and all port A lines are configured
as input during power-on or reset. Refer to InpuVOutput
Programming paragraph for a detailed description of 1/0
programming.

2MHz 4MHz UNITS

ASMAX 400 75 n
Co 5 7 pF
C, 0.008 0.012 pF
COSC1 15 - 40 15 - 30 pF
COSC2 15 - 30 15 - 25 pF
Ap 10 10 Mn
a 30 40 K

These eight lines comprise port B. The state of any pin is
software programmable and all port B lines are configured
as input during power-on or reset. Refer to InpuVOutput
Programming paragraph for a detailed description of 1/0
programming.

PCO- PC7

These eight lines comprise port C. The state of any pin is
software programmable and all port C lines are configured
as input during power-on reset. Refer to InpuVOutput
Programming paragraph for a detailed description of 1/0
programming.

POO - P05, P07

These seven lines comprise port D, a fixed input port that is
enabled during power-on. All enabled special functions (SPI
and SCll affect the pins on this port. Four of these lines,
PD2IMISO, PD3IMOSI. PD4/SCK, and PD5/SS. are used in

2MHz· 4MHz UNITS

As (Typical) 10 n
Co 40 pF
C, 4.3 pF
COSC, 30 pF

COSC2 30 pF
Ap 1 -10 Mn
a 1250

MCU

OSC1 OSC2

L C, Rs~:=F-
38 38
-----'101'-----

FIGURE 4C. EQUIVALENT CRYSTAL CIRCUIT
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tions interface (SCI). Refer to INPUT/OUTPUT PROGRAM·
MING for a detailed description of I/O programming.

INPUT/OUTPUT PROGRAMMING

Parallel Ports

Ports A. B. and C may be programmed as an input or an out-
put under software control. The direction of the pins is deter·
mined by the state of the corresponding bit in the port data
direction register (DDR). Each 8-bit port has an associated
8-bit data direction register. Any port A. port B. or port C pin
is configured as an output if its corresponding DDR bit is set
to a logic one. A pin is configured as an input if its corre-
sponding DDR bit is cleared to a logic zero. At power-on or
reset. all DDRs are cleared. which configure all port A. B.
and C pins as inputs. The data direction registers are capa-
ble of being written to or read by the processor. Refer to Fig-
ure 5 and Table 1. During the programmed output state, a
read of the data register actually reads the value of the out-
put data latch and not the I/O pin.

(NOTE)
RiW DDR I/O PIN FUNCTION

a a The I/O pin is in input mode. Data is
writtenintothe outputdata latch.

a 1 Dataiswrittenintotheoutputdatalatch
and outputto the I/O pin.

1 a Thestateof the 1/0 pin is read.

1 1 The 1/0 pin is in an outputmode.The
outputdata latch is read.

Fixed Port

Port D is a l·bit fixed input port (PDO - PD5. PDl) that con-
tinually monitors the external pins whenever the SPI or SCI
systems are disabled. During power-on reset or external
reset all seven bits become valid input ports because all
special function output drivers are disabled. For example.
with the serial peripheral interface (SPI) system disabled
(SPE = 0) PD2 through PD5 will read the state of the pin at
the time of the read operation. No data register is associated
with the port when it is used as an input.

NOTE: It is recommendedthat all unusedinputs.exceptOSC2.and
1/0 ports(configuredas inputs)be tied to an appropriatelogic level
(e.g.eitherVoo or Vss).

Serial Port (SCI and SPI)

The serial communications interface (SCI) and serial periph·
eral interface (SPI) use the port D pins for their functions.
The SCI function requires two of the pins (PDO - PD1) for its
receive data input (RDI) and transmit data output (TDO)
respectively. whereas the SPI function requires four of the
pins (PD2 - PD5) for its serial data input/output (MISO).

. .. .
tions Interface and Serial Peripheral Interface for a more
detailed discussion.

DATA
DIRREG

BIT

TYPICAL
PORT DATA
DIRECTION
REGISTER

TYPICAL
PORT

REGISTER

PORT DATA

PORTDRR V

NOTES:
1. Denotesdeviceshavesamephysicalsize,andareenhancement

type.

2. IP = InputProtection
3. Latch-upprotectionnotshown.

FIGURESC.

FIGURE5. TYPICAL PARALLEL PORTI/O CIRCUITRY

MEMORY

As shown in Figure 6. the CDP68HC05C4. CDP68HCL05C4
and CDP68HSC05C4 MCUs are capable of addressing
8192 bytes of memory and I/O registers with its program
counter. The MCUs have implemented 4601 bytes of these
locations. The first 256 bytes of memory (page zero)
include 25 bytes of I/O features such as data ports. the port
DDRs. timer. serial peripheral interface (SPI). and serial
communication interface (SCI); 48 bytes of user ROM. and



VO
32 BYTES

USER
ROM

48 BYTES

RAM
176 BYTES

- -T- ~T:~~~

USER
ROM

4096 BYTES

UNUSED
3584 BYTES

SELF CHECK

.... - -- ----

SELF CHECK
VECTORS

USER
VECTORS
16 BYTES

PORTS
7 BYTES

UNUSED
3 BYTES

SERIAL
PERIPHERAL
INTERFACE

3 BYTES

SERIAL
COMMUNICATIONS

INTERFACE
5 BYTES

TIMER
10 BYTES

UNUSED
4 BYTES

PORT A DATA REGISTER

PORT B DATA REGISTER

PORT C DATA REGISTER

PORT 0 FIXED INPUT REGISTER

PORT A DATA DIRECTION REGISTER

PORT B DATA DIRECTION REGISTER

PORT C DATA DIRECTION REGISTER

UNUSED

UNUSED

UNUSED

SERIAL PERIPHERAL CONTROL REGISTER

SERIAL PERIPHERAL STATUS REGISTER

SERIAL PERIPHERAL DATA VO REGISTER

SERIAL COMMUNICATIONS BAUD RATE REGISTER

SERIAL COMMUNICATIONS CONTROL REGISTER 1

SERIAL COMMUNICATIONS CONTROL REGISTER 2

SERIAL COMMUNICATIONS STATUS REGISTER

SERIAL COMMUNICATIONS DATA REGISTER

TIMER CONTROL REGISTER

TIMER STATUS REGISTER

INPUT CAPTURE HIGH REGISTER

INPUT CAPTURE LOW REGISTER

OUTPUT COMPARE HIGH REGISTER

OUTPUT COMPARE LOW REGISTER

COUNTER HIGH REGISTER

COUNTER LOW REGISTER

ALTERNATE COUNTER HIGH REGISTER

ALTERNATE COUNTER LOW REGISTER

UNUSED

UNUSED

UNUSED

UNUSED

176 bytes of RAM. The next 4096 bytes complete the user
ROM. The self-check ROM (224 bytes) and self-check vec-
tors (16 bytes) are contained in memory locations $1FOO
through $1FEF. The 16 highest address bytes contain the
user defined reset and the interrupt vectors. Seven bytes of
the lowest 32 memory locations are unused and the 176
bytes of user RAM include up to 64 bytes for the stack.
Since most programs use only a small part of the allocated
stack locations for interrupts anellor subroutine stacking pur-
poses, the unused bytes are usable for program data star-

age. Figure 7 illustrates the memory map for
CDP68HC05C8, CDP68HCL05C8 and CDP68HSC05C8
MCUs. It is similar to the memory map in Figure 6, except for
3584 bytes of additional user ROM at memory locations
$1100 through $1EFF.

CPU REGISTER

The CPU contains five registers, as shown in the program-
ming model of Figure 8. The interrupt stacking order is
shown in Figure 9.

$00

$01

$02

$03

$04

$05

$06

$07

$08

$08

$OA

SOB

$OC

$00

$OE

$OF en
II:

$10 W6..J
$11 II:..J

00
$12 _II:

~~
$13 Z

0
$14 0
$15

$16

$17

$18

$18

$lA

$lB

$lC

$10

$lE

$lF



$0000
.......... .. .. - .........
0000 0000 PORT A DATA REGISTER $00

PORTS
PORT B DATA REGISTER $01

VO 7 BYTES
32 BYTES PORT C DATA REGISTER $02

PORT 0 FIXED INPUT REGISTER $03

$001F 0031 UNUSED
PORT A DATA DIRECTION REGISTER $04$0020 '.0032 3 BYTES

USER PORT B DATA DIRECTION REGISTER $05

ROM PORT C DATA DIRECTION REGISTER $06
48 BYTES

007V SERIAL PERIPHERA UNUSED $07
$OO4F
$0050 0080 INTERFACE

$083 BYTES UNUSED

UNUSED $OV

RAM SERIAL PERIPHERAL CONTROL REGISTER $OA
176 BYTES SERIAL $OBSERIAL PERIPHERAL STATUS REGISTER

COMMUNICATIONS
INTERFACE SERIAL PERIPHERAL DATA VO REGISTER $OC

$OOBF 01V1 5 BYTES$OOCO - r,- - 0192 SERIAL COMMUNICATIONS BAUD RATE REGISTER $00
STACK

SERIAL COMMUNICATIONS CONTROL REGISTER 1 $OE
64 BYTES

$OOFF 0255 TIMER
$OF10 BYTES SERIAL COMMUNICATIONS CONTROL REGISTER 2

$0100 0256
SERIAL COMMUNICATIONS STATUS REGISTER $10

USER SERIAL COMMUNICATIONS DATA REGISTER $11
ROM UNUSED

7680 BYTES 4 BYTES TIMER CONTROL REGISTER $12

0031 TIMER STATUS REGISTER $13

INPUT CAPTURE HIGH REGISTER $14

INPUT CAPTURE lOW REGISTER $15

$1EFF 7935 OUTPUT COMPARE HIGH REGISTER $16
$1FOO 7936 $17OUTPUT COMPARE lOW REGISTER

COUNTER HIGH REGISTER $18
SELF CHECK

COUNTER lOW REGISTER $1V

$1FDF ALTERNATE COUNTER HIGH REGISTER $1A
$1FEO - - -- 256 BYTES

ALTERNATE COUNTER lOW REGISTER $1B
SELF CHECK

VECTORS UNUSED $1C

$1FEF 8175 UNUSED $10

$1FFO USER 8176 $1EUNUSED
VECTORS

$1FFF 16 BYTES 8191 UNUSED $1F

FIGURE 7. ADDRESS MAP FOR CDP68HC05C8, CDP68HCL05C8 AND CDP68HSCOSC8

7 0

I A I ACCUMULATOR 7 o STACK
7 0 ii:

111111
1 1

CONDITION CODE REG <1l
X INDEX REGISTER 0 <1l:::E Cl w

12 0 W<1l ACCUMULATOR (A) ... z a::::E<1l z -0
1 1

Cl~
Q. <1l0

PC PROGRAM COUNTER a:
INDEX REGISTER (X)

::> ~cezo ::> a:
12 7 0 ~~ Iii a: a:>

o I 0 I 0 1 PROGRAM COUNTER HIGH
w oa:

101010101011111 1
a: ... wO

SP STACK PDlNTER w ~ 0:::Ea: w0 PROGRAM COUNTER lOW4 CC 0 ~ :::E

~,.no"oo,"" UNSTACK

CARRYIBORROW
ZERO NOTE: Since the Stack Pointer decrements during pushes. the PCl
NEGATIVE is stacked first, followed by PCH, etc. Pulling from the stack is in the
INTERRUPT MASK
HALF CARRY reverse order.

FIGURE 8. PROGRAMMING MODEL FIGURE 9. STACKING ORDER



Accumulator (A)

The accumulator is an B-bit general purpose register used to
hold operands, results of the arithmetic calculations, and
data manipulations.

Index Register (X)

The X register is an B-bit register which is used during the
indexed modes of addressing. It provides an B-bit value
which is used to create an effective address. The index reg-
ister is also used for data manipulations with the read-mod-
ify-write type of instructions and as a temporary storage
register when not performing addressing operations.

Program Counter (PC)

The program counter is a 13-bit register that contains the
address of the next instruction to be executed by the processor.

Stack Pointer (SP)

The stack pointer is a 13-bit register containing the address of
the next free locations on the push-downlpop-up stack. When
accessing memory, the most significant bits are permanently
configured to 0000011. These bits are appended to the six
least significant register bits to produce an address wtthin the
range of $OOFFto $OOCO.The stack area of RAM is used to
store the return address on subroutine calls and the machine
state during interrupts. During external or power-on reset, and
during a reset stack pointer (RSP) instruction, the stack
pointer is set to its upper limit ($OOFF).Nested interrupt and/or
subroutines may use up to 64 (decimal) locations. When the
64 locations are exceeded, the stack pointer wraps around
and points to its upper limit ($OOFF),thus, losing the previ-
ously stored information. A subroutine call occupies two RAM
bytes on the stack, while an interrupt uses five RAM bytes.

Condition Code Register (CC)

The condition code register is a 5-bit register which indicates
the results of the instruction just executed as well as the
state of the processor. These bits can be individually tested
by a program and specified action taken as a result of their
state. Each bit is explained in the following paragraphs.

Half Carry Bit (H)

The H bit is set to a one when a carry occurs between bits 3
and 4 of the ALU during an ADD or ADC instruction. The H
bit is useful in binary coded decimal subroutines.

Interrupt Mask Bit (I)

When the I bit is set, all interrupts are disabled. Clearing this
bit enables the interrupts. If an external interrupt occurs
while the I bit is set, the interrupt is latched and processed
after the I bit is next cleared; therefore, no interrupts are lost
because of the I bit being set. An internal interrupt can be
lost if it is cleared while the I bit is set (refer to Programmable
Timer, Serial Communications Interface, and Serial Periph-
eral Interface Sections for more information).

Negative (N)

When set, this bit indicates that the result of the last arith-
metic, logical, or data manipulation is negative (bit 7 in the
result is a logic one).

Zero (Z)

When set, this bit indicates that the result of the last arith-
metic, logical, or data manipulation is zero.

Carry/Borrow (C)

Indicates that a carry or borrow out of the arithmetic logic
unit (ALU) occurred during the last arithmetic operation. This
bit is also affected during bit test and branch instructions,
shifts, and rotates.

SELF-CHECK

The self-check capabiltty of the CDP68HC05C4 MCU pro-
vides an internal check to determine if the device is functional.
Self-check is performed using the circutt shown in the sche-
matic diagram of Figure 10. As shown in the diagram, port C
pins PCO - PC3 are monitored (light emitting diodes are
shown but other devices could be used) for the self-check
results. The self-check mode is entered~ applying a 9V
input (through a 4.7kQ resistor) to the IRQ pin (2) and 5V
input (through a 4.7kQ resistor) to the TCAP pin (37) and then
depressing the reset switch to execute a reset. After reset, the
following seven tests are performed automatically:

I/O - Functionally exercises ports A, Band C
RAM - Counter test for each RAM byte

Timer - Tracks counter register and checks OCF flags
SCI- Transmission Test; checks for RDRF, TDRE,

TC, and FE flags
ROM - Exclusive OR with odd ones parity result

SPI - Transmission test with check for SPIF,
WCOL, and MODF flags

INTERRUPTS - Tests external, timer, SCI, and SPI interrupts

Self-check results (using the LEDs as monitors) are shown
in Table 2. The following subroutines are available to user
programs and do not require any external hardware.

TABLE 2. SELF·CHECKRESULTS

PC3 PC2 PC1 pca REMARKS
1 0 0 1 Bad I/O

1 0 1 0 Bad RAM
1 0 1 1 BadTImer
1 1 0 0 Bad SCI
1 1 0 1 Bad ROM

1 1 1 0 BadSPI
1 1 1 1 Bad Interruptsor IRQRequest

Flashing GoodDevice
All Others Bad Device,Bad PortC, etc.

This subroutine returns with the Z bit cleared if any error is
detected; otherwise, the Z bit is set.

This subroutine is called at location $1FOE.The output com·
pare register is first set to the current timer state. Because
the timer is free running and has only a divide-by-four pres-
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caler, each timer count cannot be tested. The test tracks the
counter until the timer wraps around, triggering the output
compare flag in the timer status register. RAM locations
$0050 and $0051 are overwritten. Upon return to the user's
program, X = 40. If the test passed, A = O.

ROM CHECKSUM SUBROUTINE

This subroutine returns with the Z bit cleared if any error is
detected; otherwise, the Z bit is set. This subroutine is called
at location $1F93 with RAM location $0053 equal to $01 and
A = O. A short routine is set up and executed in RAM to com-
pute a checksum of the entire ROM pattern. Upon return to
the user's program, X = O. If the test passed, A = O. RAM
locations $0050 through $0053 are overwritten.

Resets, Interrupts, and Low Power Modes
RESETS

The MCU has two reset modes: an active low extemal reset
pin (RESEn and a power-on reset function; refer to Figure 11.

RESET Pin

The RESET input pin is used to reset the MCU to provide an
orderly software startup procedure. When using the external
reset mode. the RESET pin must stay low for a minimum of
one and one half tCyc. The RESET pin contains an internal
Schmitt Trigger as part of its input to improve noise immunity.

Power-On Reset

The power-on reset occurs when a positive transition is
detected on Voo. The power-on reset is used strictly for
power turn-on conditions and should not be used to detect
any drops in the power supply voltage. There is no provision
for a power-down reset. The power-on circuitry provides for
a 4064 tCYCdelay from the time that the oscillator becomes
active. If the external RESET pin is low at the end of the
4064 tCYCtime out. the processor remains in the reset condi-
tion until RESET goes high.

Table 3 shows the actions of the two resets on intemal cir-
cuits, but not necessarily in order of occurrence (X indicates
that the condition occurs for the particular reset).



OSC1
(NOTE 2)

INTERNAL
PROCESSOR

CLOCK (NOTE 1)

INTERNAL
ADDRESS BUS

(NOTE 1)

INTERNAL
DATA BUS

(NOTE 3)

RESET

4064
toxov !eye !eye I-------::..:..::-j

~tRL~--------------- ...X (NOTE 3lJ(
NOTES:

1. Internal signal and bus information is not available externally.
2. OSC 1 is not meant to represent frequency. It is only meant to represent time.
3. The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence.

FIGURE 11. POWER-ON RESET AND RESET

POWER·
RESET ON

CONDITION PIN RESET

Timer Prescaler reset to zero state X X

Timer counter configured to $FFFC X X

Timer output compare (TCMP) bit reset to zero X X

All timer interrupt enable bits cleared (ICIE, X X
OCIE, and TOlE) to disable timer interrupts.
The OLVL timer bit is also cleared by reset.

All data direction registers cleared to zero X X
(input)

Configure stack pointer to $OOFF X X

Force internal address bus to restart vector X X
(See Table 4)

Set I bit in condiijon code register to a logic one X X

Clear STOP latch X (Note) X

Clear external interrupt latch X X

Clear WAIT latch X X

Disable SCI (serial control bits TE = 0 and X X
RE = 0). Other SCI bits cleared by reset
include: TIE, TCIE, RIE, IlIE, RWU, SBK,
RDRF, IDLE, OR, NF, and FE.

Disable SPI (serial output enable control bit X X
SPE = 0). Other SPI bits cleared by reset
include: SPIE, MSTR, SPIF WCOL, and
MODF.

Set serial status bits TORE and TC X X

Clear all serial interrupt enable bits (SPIE, X X
TIE and TCIE)

Place SPI system in slave mode (MSTR = 0) X X

Clear SCI prescaler rate control bits X X
SCPO-SCP1

Systems often require that normal processing be interrupted
so that some external event may be serviced. The
CDP68HC05C4 may be interrupted by one of five different
methods: either one of four maskable hardware interrupts
(IRQ, SPI, SCI, or Timer) and one non-maskable software
interrupt (SWI). Interrupts such as Timer, SPI, and SCI have
several flags which will cause the interrupt. Generally, inter-
rupt flags are located in read-only status registers, whereas
their equivalent enable bits are located in associated control
registers. The interrupt flags and enable bits are never con-
tained in the same register. If the enable bit is a logic zero it
blocks the interrupt from occurring but does not inhibit the
flag from being set. Reset clears all enable bits to preclude
interrupts during the reset procedure.

The general sequence for clearing an interrupt is a software
sequence of first accessing the status register while the
interrupt flag is set, followed by a read or write of an associ-
ated register. When any of these interrupts occur, and if the
enable bit is a logic one, normal processing is suspended at
the end of the current instruction execution. Interrupts cause
the processor registers to be saved on the stack (see
Figure 9) and the interrupt mask (I bit) set to prevent addi-
tional interrupts. The appropriate interrupt vector then points
to the starting address of the interrupt service routine (refer
to Figure 6 for vector location). Upon completion of the inter-
rupt service routine, the RTI instruction (which is normally a
part of the service routine) causes the register contents to be
recovered from the stack followed by a return to normal pro-
cessing. The stack order is shown in Figure 9.

NOTE: The interrupt mask bit (I bit) will be cleared if and only if the
corresponding bit stored in the stack is zero.

A discussion of interrupts, plus a table listing vector
addresses for all interrupts including reset, in the MCU is
provided in Table 4.
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REGISTER FLAG NAME INTERRUPTS CPUINTERRUPT VECTORADDRESS

N/A NlA Reset RESET $lFFE-$lFFF

NlA NlA Software SWI $1FFC- $1FFD

NlA NlA Extemallnterrupt IRQ $1FFA- $1FFB

TimerStatus ICF InputCapture Timer $lFF8 - $lFF9
OCF OutputCompare
TOF TimerOverflow

SCIStatus TDRE TransmitBufferEmpty SCI $lFF6 - $lFF7
TC TransmitComplete

RDRF ReceiverBufferFul
IDLE IdleUne Detect
OR Overrun

SPIStatus SPIF TransferComplete SPI $lFF4 - $lFF5
MODF ModeFault

Hardware Controlled Interrupt Sequence

The following three functions (RESET, STOP, and WAIT) are
not in the strictest sense an interrupt; however, they are
acted upon in a similar manner. Flowcharts for hardware
interrupts are shown in Figure 12, and for STOP and WAIT
are provided in Figure 13. A discussion is provided below.

(a) A low input on the RESET input pin causes the program
to vector to its starting address which is specified by the
contents of memory locations $lFFE and $lFFF. The
I bit in the condition code register is also set. Much of the
MCU is configured to a known state during this type of
reset as previously described in RESETS paragraph.

(b) STOP - The STOP instruction causes the oscillator to be
turned off and the processor to "sleep" until an external
interrupt (IRQ) or reset occurs.

(c) WAIT - The WAIT instruction causes all processor clocks
to stop, but leaves the Timer, SCI, and SPI clocks run-
ning. This "rest" state of the processor can be cleared by
reset, an external interrupt (IRQ), Timer interrupt, SPI
interrupt, or SCI interrupt.

Software Interrupt (SWI)

The software interrupt is an executable instruction. The
action of the SWI instruction is similar to the hardware inter-
rupts. The SWI is executed regardless of the state of the
interrupt mask (I bit) in the condition code register. The inter-
rupt service routine address is specified by the contents of
memory location $1FFC and $1FFD.

External Interrupt

If the interrupt mask (I bit) of the condition code register has
been cleared and the external interrupt pin (IRQ) has gone
low, then the external interrupt is recognized. When the
interrupt is recognized, the current state of the CPU is
pushed onto the stack and I bit is set. This masks further
interrupts until the present one is serviced. The interrupt ser-
vice routine address is specified by the contents of memory
location $lFFA and $lFFB. Either a level-sensitive and neg-
ative edge-sensitive trigger, or a negative edge-sensitive
only trigger are available as a mask option. Figure 14 shows
both a functional and mode timing diagram for the interrupt
line. The timing di~m shows two different treatments of
the interrupt line (IRQ) to the processor. The first method
shows single pulses on the interrupt line spaced far enough
apart to be serviced. The minimum time between pulses is a
function of the number of cycles required to execute the
interrupt service routine plus 21 cycles. Once a pulse
occurs, the next pulse should not occur until the MCU soft-
ware has exited the routine (an RTI occurs). The second
configuration shows several interrupt lines "wire-ORed" to
form the interrupts at the processor. Thus, if after servicing
one interrupt the interrupt line remains low, then the next
interrupt is recognized.

NOTE: The intemal interruptlatch is cleared in the first part of the
serviceroutine;therefore,one(andonlyone)extemalinterruptpUlse
could be latched during ~LlL and serviced as soon as the I bit is
cleared.
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EXTERNAL
INTERRUPT
REQUEST

POWER-ON RESET

EXTERNAL RESET

EXTERNAL INTERRUPT
BEING SERVICED
(READ OF VECTORS)

FIGURE 14A. EXTERNAL INTERRUPT FUNCTION DIAGRAM

I... tlLlL -I
IRQl ""':"1-- I I:~tllIH~

IRQn ~~~~~~~~~~~~~rr~~t~1hIRQ,
(MCU)

NOTE:

Edge-SensitiveTriggerCondition- The minimumpulsewidth (till H)
is either 125ns (Vee = 5V) or 250ns (Vee = 3V). The period ~L1L
should be less than the numberof tevc cycles it takes to execute
the interruptservice routineplus 21 tevc cycles.
Level-SensitiveTriggerCondition- If afterservicingan interruptthe
IRQremainslow, then the next interruptis recognized.

FIGURE 148. EXTERNAL INTERRUPT MODE DIAGRAM

FIGURE 14.

Timer Interrupt

There are three different timer interrupt flags that will cause
a timer interrupt whenever they are set and enabled. These
three interrupt flags are found in the three most significant
bits of the timer status register (TSR, location $13) and all
three will vector to the same interrupt service routine
($1FF8 - $1FF9).

All interrupt flags have corresponding enable bits (lGIE,
OGlE, and TOlE) in the timer control register (TGR, location
$12). Reset clears all enable bits, thus preventing an inter-
rupt from occurring during the reset time period. The actual
processor interrupt is generated only if the I bit in the condi-
tion code register is also cleared. When the interrupt is rec-
ognized, the current machine state is pushed onto the stack
and I bit is set. This masks further interrupts until the present
one is serviced. The interrupt service routine address is
specified by the contents of memory location $1FF8 and
$1FF9. The general sequence for clearing an interrupt is a
software sequence of accessing the status register while the
flag is set, followed by a read or write of an associated regis-
ter. Refer to Programmable Timer for additional information
about the timer circuitry.

Serial Communications Interface (SCI) Interrupts

An interrupt in the serial communications interface (SGI)
occurs when one of the interrupt flag bits in the serial
communications status register is set, provided the I bit in
the condition code register is clear and the enable bit in the
serial communications control register 2 (locations $OF) is
enabled. When the interrupt is recognized, the current state
of the machine is pushed onto the stack and the I bit in the
condition code register is set. This masks further interrupts
until the present one is serviced. The SGI interrupt causes
the program counter to vector to memory location $1FF6
and $1FF7 which contains the starting address of the
interrupt service routine. Software in the serial interrupt
service routine must determine the priority and cause of the
SGI interrupt by examining the interrupt flags and the status
bits located in the serial communications status register
(location $10). The general sequence for clearing an
interrupt is a software sequence of accessing the serial
communications status register while the flag is set followed
by a read or write of an associated register. Refer to Serial
Communications Interface for a description of the SGI
system and its interrupts.

Serial Peripheral Interface (SPI) Interrupts

An interrupt in the serial peripheral interface (SPJ) occurs
when one of the interrupt flag bits in the serial peripheral sta-
tus register (location $OB) is set, provided the I bit in the con-
dition code register is clear and the enable bit in the serial
peripheral control register (location $OA) is enabled. When
the interrupt is recognized, the current state of the machine
is pushed onto the stack and the I bit in the condition code
register is set. This masks further interrupts until the present
one is serviced. The SPI interrupt causes the program
counter to vector to memory location $1FF4 and $1FF5
which contain the starting address of the interrupt service
routine. Software in the serial peripheral interrupt service
routine must determine the priority and cause of the SPI
interrupt by examining the interrupt flag bits located in the
SPI status register. The general sequence for clearing an
interrupt is a software sequence of accessing the status reg-
ister while the flag is set, followed by a read or write of an
associated register. Refer to Serial Peripheral Interface for
a description of the SPI system and its interrupts.

LOW POWER MODES

STOP Instruction

The STOP instruction places the MGU in its lowest power
consumption mode. In the STOP mode the internal oscillator
is tumed off, causing all internal processing to be halted;
refer to Figure 13. During the STOP mode, the I bit in the
condition code register is cleared to enable external inter-
rupts. All other registers and memory remain unaltered and
all inpuVoutput lines remain unchanged. This continues until
an external interrupt (IRQ) or reset is sensed at which time
the intemal oscillator is turned on. The external interrupt or
reset causes the program counter to vector to memory loca-
tion $1FFA and $IFFB or $1FFE and $1FFF which contains
the starting address of the interrupt or reset service routine
respectively.



WAIT Instruction

The WAIT instruction places the MCU in a low power con-
sumption mode, but the WAIT mode consumes somewhat
more power than the STOP mode. In the WAIT mode, the
internal clock remains active. and all CPU processing is
stopped; however, the programmable timer, serial peripheral
interface, and serial communications interface systems
remain active. Refer to Figure 13. During the WAIT mode,
the I bit in the condition code register is cleared to enable all
interrupts. All other registers and memory remain unaltered
and all parallel inpuVoutput lines remain unchanged. This
continues until any interrupt or reset is sensed. At this time
the program counter vectors to the memory location ($1FF4
through $1FFF) which contains the starting address of the
interrupt or reset service routine.

DATA RETENTION MODE

The contents of RAM and CPU registers are retained at sup-
ply voltages as low as 2V. This is referred to as the DATA
RETENTION mode, where the data is held, but the device is
not guaranteed to operate.

Programmable Timer
INTRODUCTION

The programmable timer, which is preceded by a fixed
divide-by-four prescaler, can be used for many purposes,
including input waveform measurements while simuija-
neously generating an output waveform. Pulse widths can

vary from several microseconds to many seconds. A block
diagram of the timer is shown in Figure 15 and timing dia-
grams are shown in Figure 16 through Figure 19.

Because the timer has a 16-bit architecture, each specific
functional segment (capability) is represented by two regis-
ters. These registers contain the high and low byte of that
functional segment. Generally. accessing the low byte of a
specific timer function allows full control of that function;
however, an access of the high byte inhibits that specific
timer function until the low byte is also accessed.

NOTE:The I bit in theconditioncodaregistershouldbesat whilema-
nipulatingboththehighandlowbyteregisterofaspecifICtimerfunction
to ensurethatan interruptdoesnotoccur.Thispreventsinterruptsfrom
occurringbetweenthetimethatthehighandlowbytasareaccassad.

The programmable timer capabilities are provided by using
the following ten addressable B-bit registers (note the high
and low represent the significance of the byte). A description
of each register is provided below.

Timer Control Register (TCR) locations $12,
Timer Status Register (TSR) location $13,
input Capture High Register location $14.
Input Capture Low Register location $15,
Output Compare High Register location $16.
Output Compare Low Register location $17.
Counter High Register location $1B.
Counter Low Register location $19,
Alternate Counter High Register location $1A. and
Alternate Counter Low Register location $1B.

INTERNAL
PROCESSOR

CLOCK

TIMER
STATUS

REG.

OUTPUT EDGE
LEVEL INPUT
(TCMP (TCAP
PIN 35) PIN 37)

FIGURE 15. PROGRAMMABLE TIMER BLOCK DIAGRAM
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, ,.•.' -----------------------

TOO .J1JlJ1Il n n
T01 n n n

INTERNAL TIMER CLOCKS

T10 n n n
T11 rl n rL

COUNTER (16 • BIT) $FfFC X $FFFD X $FFFE X $FFFF

RESET (EXTERNAL OR END OF POR) /111111
NOTE:

1. The Counter Register and the Timer Control Register are the only ones affected by RESET.

FIGURE 16. TIMER STATE DIAGRAM FOR RESET

INTERNAL PROCESSOR
CLOCK

TOO n n n r
INTERNAL TIMER

T01-fl n n n
CLOCKS

T10--fl n n n
T11 n n n rL

COUNTER (16 - BIT) 3: $FFEC X $FFED X $FFEE X $FFEF

INPUT EDGE '----~-, ------------------
(SEE NOTE) \" \ \ \ •

I Y Y y: \ _
$1111 X.. $F_F_E_D _

INPUT CAPTURE FLAG 1
NOTE:

1. If the input edge occurs in the shaded area from one timer state T10 to the next, the input capture flag is set during the next T11.

FIGURE 17. TIMER STATE DIAGRAM FOR INPUT CAPTURE
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1. The CPU write to the Compare Register may take place at any time, but a compare only occurs at timer state T01. Thus a 4 cycle differ·
ence may exist between the write to the Compare Register and the actual compare.

2. Internal compare takes place during timer state T01.
3. OCF is set at the timer state T11 which follows the comparison match ($FFED in this example).

FIGURE 18. TIMER STATE DIAGRAM FOR OUTPUT COMPARE

INTERNAL PROCESSOR CLOCK

TOO n n n r
T01J] n n n

INTERNAL TIMER

T10---ll n n n
T11 n n n rL

COUNTER (16· BIT) 3 $FFEC X $FFED X $FFEE X $FFEF

(NOTE 1)

~
COMPARE REGISTER CPU WRITES $FFED $FFED

COMPARE REGISTER (NOTE 2) ,11 \LATCH

OUTPUT COMPARE
(NOTE3)~1

FLAG (OCF) AND
TCMP (PIN 35)

INTERNAL PROCESSOR CLOCK

TOO n n n r
T01J] n n n

INTERNAL TIMER

T10---ll n n n
T11 n n n rL

COUNTER (16. BIT) 3: $FFFF X $0000 X $0001 X $0002

TIMER OVERFLOW IFLAG (TOF)

NOTE:
1. The TOF bit is set at timer state Tl1 (transition of the counter from $FFFF to $0000). It is cleared by a read of the Timer Status Register

during the intemal processor clock high ~me followed by a read of the Counter Low Register.

FIGURE 19. TIMER STATE DIAGRAM FOR TIMER OVERFLOW



The key element in the programmable timer is a 16-bit free
running counter, or counter register, preceded by a prescaler
which divides the internal processor clock by four. The pres-
caler gives the timer a resolution of 2.0~s if the internal pro-
cessor clock is 2.0MHz. The counter is clocked to increasing
values during the low portion of the internal processor clock.
Software can read the counter at any time without affecting
its value.

The double byte free running counter can be read from
either of two locations $18 - $19 (called counter register at
this location), or $1A - $1B (counter alternate register at this
location). If a read sequence containing only a read of the
least significant byte of the free running counter or counter
alternate register first addresses the most significant byte
($18, $1A) it causes the least significant byte ($19, $1B) to
be transferred to a buffer. This buffer value remains fixed
after the first most significant byte "read" even if the user
reads the most significant byte several times. This buffer is
accessed when reading the free running counter or counter
alternate register, if the most significant byte is read, the
least significant byte must also be read in order to complete
the sequence.

The free running counter is configured to $FFFC during
reset and is always a read-only register. During a power-on-
reset (POR), the counter is also configured to $FFFC and
begins running after the oscillator startup delay. Because the
free running counter is 16 bits preceded by a fixed divide-by-
four prescaler, the value in the free running counter repeats
every 262,144 MPU internal processor clock cycles. When
the counter rolls over from $FFFF to $0000, the timer over-
flow flag (TOF) bit is set. An interrupt can also be enabled
when counter rollover occu rs by setting its interrupt enable
bit (TOlE).

OUTPUT COMPARE REGISTER

The output compare register is a 16-bit register, which is
made up of two a·bit registers at locations $16 (most signifi-
cant byte) and $17 (least significant byte). The output com-
pare register can be used for several purposes such as,
controlling an output waveform or indicating when a period
of time has elapsed. The output compare register is unique
in that all bits are readable and writable and are not altered
by the timer hardware. Reset does not affect the contents of
this register and if the compare function is not utilized, the
two bytes of the output compare register can be used as
storage locations. The contents of the output compare regis-
ter are compared with the contents of the free running
counter once during every four internal processor clocks. If a
match is found, the corresponding output compare flag
(OCF) bit is set and the corresponding output level (OLVL)
bit is clocked (by the output compare circuit pulse) to an out-
put level register. The values in the output compare register
and the output level bit should be changed after each suc-
cessful comparison in order to control an output waveform or
establish a new elapsed timeout. An interrupt can also
accompany a successful output compare provided the corre-
sponding interrupt enable bit, OCIE, is set.

containing the most sig~ifiC~~1byte- ($16). -th'~~o-;;t~~i~~~~
pare function is inhibited until the least significant byte ($17)
is also written. The user must write both bytes (locations) if
the most significant byte is written first. A write made only to
the least significant byte ($17) will not inhibit the compare
function. The free running counter is updated every four
internal processor clock cycles due to the internal prescaler.
The minimum time required to update the output compare
register is a function of the software program rather than the
internal hardware.

A processor write may be made to either byte of the output
compare register without affecting the other byte. The output
level (OLVL) bit is clocked to the output level register regard-
less of whether the output compare flag (OCF) is set or clear.

Because neither the output compare flag (OCF bit) or output
compare register is affected by reset, care must be exer·
cised when initializing the output compare function with soft·
ware. The following procedure is recommended:

1. Write the high byte of the output compare register to inhibit
further compares until the low byte is written.

2. Read the timer status register to arm the OCF if it is al-
ready set.

3. Write the output compare register low byte to enable the
output compare function with the flag clear.

The advantage of this procedure is to prevent the OCF bit
from being set between the time it is read and the write to
the output compare register. A software example is shown
below.
B716

B613

BF17

OCMPHI;

TSTAT;

OCMPLO;

INHIBIT OUTPUT COMPARE

ARM OCF BIT IF SET

READY FOR NEXT COMPARE

INPUT CAPTURE REGISTER

The two a-bit registers which make up the 16-bit input cap-
ture register are read-only and are used to latch the value of
the free running counter after a defined transition is sensed
by the corresponding input capture edge detector. The level
transition which triggers the counter transfer is defined by
the corresponding input edge bit (IEDG). Reset does not
affect the contents of the input capture register.

The result obtained by an input capture will be one more
than the value of the free running counter on the rising edge
of the internal processor clock preceding the ex1ernal transi·
tion (refer to timing diagram shown in Figure 17). This delay
is required for internal synchronization. Resolution is
affected by the prescaler allowing the timer to only increment
every four internal processor clock cycles.

After a read of the most significant byte of the input capture
register ($14), counter transfer is inhibited until the least sig-
nificant byte ($15) of the input capture register is also read.
This characteristic forces the minimum pulse period attain-
able to be determined by the time used in the capture soft-
ware routine and its interaction with the main program. The
free running counter increments every four internal proces-
sor clock cycles due to the prescaler.



A read of the least significant byte ($15) of the input capture
register does not inhibit the free running counter transfer.
Again, minimum pulse periods are ones which allow soft-
ware to read the least significant byte ($15) and perform
needed operations. There is no conflict between the read of
the input capture register and the free running counter trans-
fer since they occur on opposite edges of the internal pro-
cessor clock.

TIMER CONTROL REGISTER (TCR)

The timer control register (TCR, location $12) is an B-bit
read/write register which contains five control bits. Three of
these bits control interrupts associated with each of the three
flag bits found in the timer status register (discussed below).
The other two bits control: 1) which edge is significant to
the capture edge detector (i.e., negative or positive), and
2) the next value to be clocked to the output level register in
response to a successful output compare. The timer control
register and the free running counter are the only sections of
the timer affected by reset. The TCMP pin is forced low dur-
ing external reset and stays low until a valid compare
changes it to a high. The timer control register is illustrated
below followed be a definition of each bit.

87, ICIE If the input capture interrupt enable (ICIE) bit is
set, a timer interrupt is enabled when the ICF
status flag (in the timer status register) is set. If
the ICIE bit is clear, the interrupt is inhibited. The
ICIE bit is cleared by reset.

86, OCIE If the output compare interrupt enable (OCIE) bit
is set, a timer interrupt is enabled whenever the
OCF status flag is set. If the OCIE bit is clear,
the interrupt is inhibited. The OCIE bit is cleared
by reset.

85, TOlE If the timer overflow interrupt enable (TOlE) bit is
set, a timer interrupt is enabled whenever the
TOF status flag (in the timer status register) is
set. If the TOlE bit is clear, the interrupt is inhib-
ited. The TOlE bit is cleared by reset.

81,IEDG The value of the input edge (IEDG) bit determines
which level transition on pin 37 will trigger a free
running counter transfer to the input capture
register. Reset does not affect the IEDG bit.
o = negative edge
1 = positive edge

80, OLVL The value of the output level (OLVL) bit is
clocked into the output level register by the next
successful output compare and will appear at
pin 35. This bit and the output level register are
cleared by reset.
o = low output
1 = high output

TIMER STATUS REGISTER (TSR)

The timer status register (TSR) is an B-bit register of which
the three most significant bits contain read-only status infor-
mation. These three bits indicate the following:

1. A proper transition has taken place at pin 37 with an ac-
companying transfer of the free running counter contents
to the input capture register,

2. A match has been found between the free running counter
and the output compare register, and

3. A free running counter transition from $FFFF to $0000 has
been sensed (timer overflOW).

The timer status register is illustrated below followed by a
definition of each bit. Refer to timing diagrams shown in Fig-
ures 16,17, and 1B for timing relationship to the timer status
register bits.

87, rCF The input capture flag (ICF) is set when a proper
edge has been sensed by the input capture
edge detector. It is cleared by a processor
access of the timer status register (with ICF set)
followed by accessing the low byte ($15) of the
input capture register. Reset does not affect the
input compare flag.

86, OCF The output compare flag (OCF) is set when the
output compare register contents match the
contents of the free running counter. The OCF is
cleared by accessing the timer status register
(with OCF set) and then accessing the low byte
($17) of the output compare register. Reset does
not affect the output compare flag.

85, TOF The timer overflow flag (TOF) bit is set by a tran-
sition of the free running counter from $FFFF to
$0000. It is cleared by accessing the timer status
register (with TOF set) followed by an access of
the free running counter least significant byte
($19). Reset does not affect the TOF bit.

Accessing the timer status register satisfies the first condi-
tion required to clear any status bits which happen to be set
during the access. The only remaining step is to provide an
access of the register which is associated with the status bit.
Typically, this presents no problem for the input capture and
output compare functions.

A problem can occur when using the timer overflow function
and reading the free running counter at random times to mea-
sure an elapsed time. Without incorporating the proper pre-
cautions into software, the timer overflow flag could
unintentionally be cleared if: 1) the timer status register is
read or written when TOF is set, and 2) the least significant
byte of the free running counter is read but not for the purpose
of servicing the flag. The counter altemate register at address
$1A and $18 contains the same value as the free running
counter (at address $1B and $19); therefore, this alternate
register can be read at any time without affecting the timer
overflow flag in the timer status register.

During STOP and WAIT instructions, the programmable timer
functions as follows: during the wait mode, the timer continues
to operate normally and may generate an interrupt to trigger the
CPU out of the wait state; during the stop mode, the timer holds
at its current state, retaining all data, and resumes operation
from this point when an extemal interrupt is received.
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Serial Communications Interface (SCI)
INTRODUCTION

A full-duplex asynchronous serial communications interface
(SCI) is provided with a standard NRZ format and a variety
of baud rates. The SCltransmiller and receiver are function-
ally independent, but use the same data format and bit rate.
The serial data format is standard marl</space (NRZ) which
provides one start bit, eight or nine data bits, and one stop
bit. "Baud" and "bit rate" are used synonymously in the fol-
lowing description.

SCI Two Wire System Features

• Standard NRZ (mark/space) format

• Advanced error detection method includes noise detection
for noise duration of up to 1/16 bit time.

• Full-duplex operation (simultaneous transmit and receive)

• Software programmable for one of 32 different baud rates

• Software selectable word length (eight or nine bit words)

• Separate transmiller and receiver enable bits.

• SCI may be interrupt driven

• Four separate enable bits available for interrupt control

SCI Receiver Features

• Receiver wake-up function (idle or address bit)

• Idle line detect

• Framing error detect

• Noise detect

• Overrun detect

• Receiver data register full flag

SCI Transmitter Features

• Transmit data register emply flag

• Transmit complete flag

• Break send

Any SCI two-wired system requires receive data in (Rol)
and transmit data out (TOO).

DATA FORMAT

Receive data in (Rol) or transmit data out (TOO) is the serial
data which is presented between the internal data bus and
the output pin (TOO), and between the input pin (ROI) and
the internal data bus. Data format is as shown for the NRZ in
Figure 20 and must meet the following criteria:

1. A high level indicates a logic one and a low level indicates
a logic zero.

2. The idle line is in a high (logic one) state prior to transmis-
sion/reception of a message.

3. A start bit (logic zero) is transmilled/received indicating the
start of a message.

4. The data is transmitted and received least-significant-bit first.

5. A stop bit (high in the tenth or eleventh bit position) indi-
cates the byte is complete.

6. A break is defined as the transmission or reception of a
low (logic zero) for some multiple of the data format.

CONTROL BIT 'M'
SELECTS8 OR 9

BIT DATA.-"----
2345678 0

IDLE UNE ~I~~~~~~~~~~I t LC
s s S
T T T
A 0 AR P RT T

t Stop bit is always high.

FIGURE 20. DATA FORMAT

In a typical multiprocessor configuration, the software protocol
will usually identify the addressee(s) at the beginning of the
message. In order to permit uninterested MPUs to ignore the
remainder of the message, a wake-up feature is included
whereby all further SCI receiver flag (and interrupt)
processing can be inhibited until its data line returns to the idle
state. An SCI receiver is re-enabled by an idle string of at
least ten (or eleven) consecutive ones. Software for the
transmitter must proVide for the required idle string between
consecutive messages and prevent it from occurring within
messages.

The user is allowed a second method of providing the wake-
up feature in lieu of the idle string discussed above. This
method allows the user to insert a logic one in the most sig-
nificant bit of the transmit data word which needs to be
received by all "sleeping" processors.

RECEIVE DATA IN

Receive data in is the serial data which is presented from the
input pin via the SCI to the internal data bus. While waiting
for a start bit, the receiver samples the input at a rate which
is 16 times higher than the set baud rate. This 16 times
higher-than-baud rate is referred to as the RT rate in Figures
21 and 22, and as the receiver clock in Figure 26. When the
input (idle) line is detected low, it is tested for three more
sample times (referred to as the start edge verification sam-
ples in Figure 21). If at least two of these three verification
samples detect a logic low, a valid start bit is assumed to
have been detected (by a logic low following the three start
qualifiers) as shown in Figure 21; however, if in two or more
of the verification samples a logic high is detected, the line is
assumed to be idle. (A noise flag is set if one of the three
verification sample detects a logic high, thus a valid start bit
could be assumed and a noise flag still set.) The receiver
clock generator is controlled by the baud rate register (see
Figures 25 and 26); however, the serial communications
interface is synchronized by the start bit (independent of the
transmiller).
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Once a valid start bit is detected, the start bit, each data bit,
and the stop bit are sampled three times at RT intervals of
aRT, 9RT, and 10RT (1RT is the position where the bit is
expected to start as shown in Figure 22. The value of the bit
is determined by voting logic which takes the value of the
majority of samples (two or three out of three). A noise flag is
set when all three samples on a valid start bit or a data bit or
the stop bit do not agree. (As discussed above, a noise flag
is also set when the start bit verification samples do not
agree).

PREVIOUS BIT

RDI

PRESENT BIT SAMPLES

V V V

8 9 10
R R R
T T T

NEXT BIT

I
16 1
R RT T

16 1
R R
T T

START BIT DETECTION FOLLOWING A
FRAMING ERROR

If there has been a framing error without detection of a break
(10 zeros for a·bit format or 11zeros for 9-bit format), the circuit
continues to operate as if there actually were a stop bit and the
start edge will be placed artificially. The last bn received in the
data shift register is inverted to a logic one, and the three logic
one start qualifiers (shown in Figure 21) are forced into the
sample shift register during the interval when detection of a
start bit is anticipated (see Figure 23); therefore the start bit will
be accepted no sooner than it is anticipated.

--DATA--I-

RECEIVE
DATA IN

EXPECTED _ I ARTIFICIAL
STOP ~/EDGE

: START BIT

L f-DATA-

DATA SAMPLES

FIGURE 23A. CASE 1, RECEIVE LINE lOW DURING ARTIFICIAL
EDGE

--DATA--j-

RECEIVE
DATA IN

m"--v-'
DATA SAMPLES

FIGURE 238. CASE 2, RECEIVE liNE HIGH DURING EXPECTED
START EDGE

FIGURE 23. SCI ARTIFICIAL START FOllOWING A FRAMING
ERROR

If the receiver detects that a break (RDRF = 1, FE = 1,
receiver data register = $(0) produced the framing error, the
start bit will not be artificially induced and the receiver must
actually receive a logic one bit before start. See Figure 24.

EXPECTED~
-- STOP__ BREAK

RECEIVE
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DETECTED AS
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TOO
(PD1.

PIN 30)

TRANSMIT
DATA
SHIFT

REGISTER

INTERNAL
PROCESSOR
CLOCK

NOTE: The Serial Communications Data Register (SCDAT) Is controlled by the internal RIW signal. II is the transmit data register when writ-
ten and receive data register when read.

FIGURE 25. SERIAL COMMUNICATIONS INTERFACE BLOCK DIAGRAM

SCPO·SCP1
PRESCALER

CONTROL
+N

SCRO-SCR2
SCI SELECT

RATE
CONTROL+M

There are five different registers used in the serial communi-
cations interface (SCll and the internal configuration of
these registers is discussed in the fOllowing paragraphs. A
block diagram of the SCI system is shown in Figure 25.

Serial Communications Data Register (SCDAn



The serial communications data register perfonns two func-
tions in the serial communications interface; i.e. it acts as the
receive data register when it is read and as the transmit data
register when it is written. Figure 25 shows the register as two
separate registers, namely: the receive data register (RDR)
and the transmit data register (TDR). As shown in Figure 25,
the TDR (transmit data register) provides the parallel interface
from the internal data bus to the transmit shift register and the
receive data register (RDR) provides the interface from the
receive shift register to the internal data bus.

When SCDAT is read, it becomes the receive data register
and contains the last byte of data received. The receive data
register, represented above, is a read-only register contain-
ing the last byte of data received from the shift register for
the internal data bus. The RDRF bit (receive data register
full bit in the serial communications status register) is set to
indicate that a byte has been transferred from the input
serial shift register to the serial communications data regis-
ter. The transfer is synchronized with the receiver bit rate
clock (from the receive control) as shown in Figure 25. All
data is received least-significant-bit first.

When SCDAT is written, it becomes the transmit data regis-
ter and contains the next byte of data to be transmitted. The
transmit data register, also represented above, is a write-
only register containing the next byte of data to be applied to
the transmit shift register from the internal data bus. As long
as the transmitter is enabled, data stored in the serial com-
munications data register is transferred to the transmit shift
register (after the current byte in the shift register has been
transmitted). The transfer from the SCDAT to the transmit
shift register is synchronized with the bit rate clock (from the
transmit control) as shown in Figure 25. All data is transmit-
ted least-significant-bit first.

Serial Communications Control Register 1 (SCCR1)

receiver. If the WAKE bit is set to a logic one, the
system acknowledges an address bit (most sig-
nificant bit). The address bit is dependent on
both the WAKE bit and the M bit level (table
shown below). (Additionally, the receiver does
not use the wake-up feature unless the RWU
control bit in serial communications control reg-
ister 2 is set as discussed below.) Reset does
not affect this bit.

WAKE M METHOD OF RECEIVER "WAKE-UP"

0 X Detectionof an idle line allowsthe next
data bytereceivedto causethe receive
data register to fill and produce an
RDRFflag.

1 0 Detection of a received one In the
eighthdatabitallowsan RDRFflagand
associatederror flags.

1 1 Detectionof a receivedone in the ninth
data bit allowsan RDRFflag andasso-
ciatederror flags.

The serial communications control register 2 (SCCR2) pro-
vides the control bits which: individually enable/disable the
transmitter or receiver, enable the system interrupts, and
provide the wake-up enable bit and a 'send break code" bit.
Each of these bits is described below. (The individual flags
are discussed in the Serial Communications Status Reg-
Ister Section.)

When the transmit interrupt enable btt is set, the
SCI interrupt occurs provided TDRE is set (see
Figure 25). When TIE is clear, the TDRE interrupt
is disabled. Reset clears the TIE bit.

86, TCIE When the transmission complete interrupt
enable bit is set, the SCI interrupt occurs pro-
vided TC is set (see Figure 25). When TCIE is
clear, the TC interrupt is disabled. Reset clears
the TCIE bit.

The serial communications control register 1 (SCCR1) pro-
vides the control bits which: 1) detennine the word length
(either B or 9 bits), and 2) selects the method used for the
wake-up feature. 8its 6 and 7 provide a location for storing
the ninth bit for longer bytes.

87, RB If the M bit is a one, then this bit provides a stor- 85, RIE
age location for the ninth bit in the receive data
byte. Reset does not affect this bit.

86, TB If the M bit is one, then this bit provides a stor-
age locations for the ninth bit in the transmit data
byte. Reset does not affect this bit. 84, ILiE

84, M The option of the word length is selected by the
configuration of this bit and is shown below.
Reset does not affect this bit. 0 = 1 start bit, B
data bits, 1 stop bit 1 = 1 start bit, 9 data bits, 1 83, TE
stop bit

83, WAKE This bit allows the user to select the method for
receiver "wake up". If the WAKE bit is a logic
zero, an idle line condition will "wake up" the

When the receive interrupt enable bit is set, the
SCI interrupt occurs provided OR is set or
RDRF is set (see Figure 25). When RIE is clear,
the OR and RDRF interrupts are disabled. Reset
clears the RIE bit.

When the idle line interrupt enable btt is set, the
SCI interrupt occurs provided IDLE is set (see
Figure 25). When ILiE is clear, the IDLE interrupt
is disabled. Reset clears the ILiE btt.

When the transmit enable bit is set, the transmit
shift register output is applied to the TDO line.
Depending on the state of control bit M in serial
communications control register 1, a preamble
of 10(M = 0) or 11(M = 1) consecutive ones is
transmitted when software sets the TE bit from a
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cleared state. If a transmission is in progress,
and TE is written to a zero, then the transmitter
will wait until after the present byte has been
transmitted before placing the TDO pin in the
idle high-impedance state. If the TE pin has
been written to a zero and then set to a one
before the current byte is transmitted, the trans-
mitter will wait until that byte is transmitted and
will then initiate transmission of a new preamble.
After the preamble is transmitted, and provided
the TDRE bit is set (no new data to transmit),
the line remains idle (driven high while TE = 1);
otherwise, normal transmission occurs. This
function allows the user to "neatly" terminate a
transmission sequence. After loading the last
byte in the serial communications data register
and receiving the interrupt from TDRE, indicat-
ing the data has been transferred into the shift
register, the user should clear TE. The last byte
will then be transmitted and the line will go idle
(high impedance). Reset clears the TE bit.

B2, RE When the receive enable bit is set, the receiver
is enabled. When RE is clear, the receiver is dis-
abled and all of the status bit associated with the
receiver (RDRF, IDLE, OR, NF, and FE) are
inhibited. Reset clears the RE bit.

B1, RWU When the receiver wake-up bit is set, it enables
the "wake up" function. The type of "wake up"
mode for the receiver is determined by the
WAKE bit discussed above (in the SCCR1).
When the RWU bit is set, no status flags will be
set. Flags which were set previously will not be
cleared when RWU is set. If the WAKE bit is
cleared, RWU is cleared after receiving 10(M =
0) or 11(M = 1) consecutive ones. Under these
conditions, RWU cannot be set if the line is idle.
If the WAKE bit is set, RWU is cleared after
receiving an address bit. The RDRF flag will
then be set and the address byte will be stored
in the receiver data register. Reset clears the
RWUbit.

BO,SBK When the send break bit is set the transmitter
sends zeros in some number equal to a multiple
of the data format bits. If the SBK bit is toggled
set and clear, the transm itter sends 10(M = 0) or
11(M = 1) zeros and then reverts to idle or send-
ing data. The actual number of zeros sent when
SBK is toggled depends on the data format set
by the M bit in the serial communications control
register 1; therefore, the break code will be syn-
chronous with respect to the data stream. At the
completion of the break code, the transmitter
sends at least one high bit to guarantee recogni-
tion of a valid start bit. Reset clears the SBK bit.

Serial Communications Status Register (SCSR)

The serial communications status register (SCSR) provides
inputs to the interrupt logic circuits for generation of the SCI
system interrupt. In addition, a noise flag bit and a framing
error bit are also contained in the SCSR.

B7, TDRE The transmit data register empty bit is set to
indicate that the contents of the serial communi-
cations data register have been transferred to
the transmit serial shift register. If the TDRE bit
is clear, it indicates that the transfer has not yet
occurred and a write to the serial communica-
tions data register will overwrite the previous
value. The TDRE bit is cleared by accessing the
serial communications status register (with
TDRE set), followed by writing to the serial com-
munication data register. Data can not be trans-
mitted unless the serial communications status
register is accessed before writing to the serial
communications data register to clear the TDRE
flag bit. Reset sets the TDRE bit.

B6, TC The transmit complete bit is set at the end of a
data frame, preamble, or break condition if:
1. TE = 1, TDRE = 1, and no pending data, pre-

amble, or break is to be transmitted; or
2. TE = 0, and the data, preamble, or break (in the

transmit shift register) has been transmitted.

The TC bit is a status flag which indicates that
one of the above conditions has occurred. The
TC bit is cleared by accessing the serial commu-
nications status register (with TC set), followed
by writing to the serial communications data reg-
ister. It does not inhibit the transmitter function in
any way. Reset sets the TC bit.

85, RDRF When the receive data register full bit is set, it indi-
cates that the receiver serial shift register is trans-
ferred to the serial communications data register. If
multiple errors are detected in anyone received
word, the NF, FE, and RDRF bits will be affected
as appropriate during the same clock cycle. The
RDRF bit is cleared when the seriial communica-
tions status register is accessed (with RDRF set)
followed by a read of the serial communications
data register. Reset clears the RDRF bit.

B4, IDLE When the idle line detect bit is set, it indicates
that a receiver idle line is detected (receipt of a
minimum number of ones to constitute the num-
ber of bits in the byte format). The minimum
number of ones needed will be 10(M = 0) or
11(M = 1). This allows a receiver that is not in
the wake-up mode to detect the end of a mes-
sage, detect the preamble of a new message, or
to resynchronize with the transmitter. The IDLE
bit is cleared by accessing the serial communi-
cations status register (with IDLE set) followed
by a read of the serial communications data reg-
ister. The IDLE bit will not be set again until after
an RDRF has been set; i.e., a new idle line
occurs. The IDLE bit is not set by an idle line
when the receiver "wakes up" from the wake-up
mode. Reset clears the IDLE bit.



When the overrun error bit is set. ~ indicates that
the next byte is ready to be transferred from the
receive shift register to the serial communications
data register when it is already full (RDRF bit is
set). Data transfer is then inhib~ed until the RDRF
bit is cleared. Data in the serial communications
data register is valid in this case. but additional
data received during an overrun condition (includ-
ing the byte causing the overrun) will be lost. The
OR bit is cleared when the serial communications
status register is accessed (with OR set), fol-
lowed by a read of the serial communications
data register. Reset clears the OR b~.

The noise flag bit is set if there is noise on a
"valid" start bit or if there is noise on any of the
data bits or if there is noise on the stop bit. It is
not set by noise on the idle line nor by invalid
(false) start bits. If there is noise, the NF bit is
not set until the RDRF flag is set. Each data bit
is sampled three times as described above in
RECEIVE DATA IN and shown in Figure 22. The
NF bit represents the status of the byte in the
serial communications data register. For the
byte being received (shifted in) there will also be
a "working" noise flag the value of which will be
transferred to the NF bit when the serial data is
loaded into the serial communications data reg-
ister. The NF bit does not generate an interrupt
because the RDRF bit gets set with NF and can
be used to generate the interrupt. The NF bit is
cleared when the serial communications status
register is accessed (with NF set). followed by a
read of the serial communications data register.
Reset clears the NF bit.

The framing error b~ is set when the byte bound-
aries in the bit stream are not synchronized with
the receiver bit counter (generated by a "Iosf
stop bit). The byte is transferred to the serial com-
munications data register and the RDRF b~ is
set. The FE bit does not generate an interrupt
because the RDRF bit is set at the same time as
FE and can be used to generate the interrupt.
Note that if the byte received causes a framing
error and it will also cause an overrun if trans-
ferred to the serial communications data register,
then the overrun b~ will be set. but not the fram-
ing error bit, and the byte will not be transferred to
the serial communications data register. The FE
bit is cleared when the serial communications
status register is accessed (with FE set) followed
by a read of the serial communications data reg-
ister. Reset clears the FE bit.

Baud Rate Register

The baud rate register provides the means for selecting dif-
ferent baud rates which may be used as the rate control for
the transmitter and receiver. The SCPO - SCP1 bits function

as a prescaler for the SCRO - SCR2 bits. Together, these five
bits provide multiple. baud rate combinations for a given
crystal frequency.

B5, SCP1. These two bits in the baud rate register are used
B4, SCPO as a prescaler to increase the range of standard

baud rates controlled by the SCRO - SCR2 bits.
A table of the prescaler internal processor clock
division versus bit levels is provided below.
Reset clears SCP1 - SCPO bits (divide-by-one).

INTERNALPROCESSOR
SCP1 SCPO CLOCK DIVIDEBY

0 0 1
0 1 3
1 0 4
1 1 13

B2, SCR2. These three bits in the baud rate register are
B1, SCR1. used to select the baud rates of both the trans-
BO,SCRO mitter and receiver. A table of baud rates versus

bit levels is shown below. Reset does not affect
the SCR2 - SCRO bits.

PRESCALEROUTPUT
SCR2 SCR1 SCRO DIVIDEBY

0 0 0 1
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128

The diagram of Figure 26 and Tables 5 ,and 6 illustrate the
divided chain used to obtain the baud rate clock (transmit
clock). Note that there is a fixed rate divide-by-16 between
the receive clock (RT) and the transmit clock (Tx). The
actual divider chain is controlled by the combined
SCPO - SCP1 and SCRO - SCR2 bits in the baud rate regis-
ter as illustrated. All divided frequencies shown in the first
table represent the final transmit clock (the actual baud rate)
resulting from the internal processor clock division shown in
the "divide-by" column only (prescaler division only). The
second table illustrates how the prescaler output can be fur-
ther divided by action of the SCI select bits (SCRO - SCR2).
For example. assume that a 9600Hz baud rate is required
with a 2.4576MHz external crystal. In this case the prescaler
bits (SCPO - SCP1) could be configured as a divide-by-one
or a divide-by-four. If a divide-by-four prescaler is used, then
the SCRO - SCR2 bits must be configured as a divide-by-
two. This results in a divide-by-128 of the internal processor
clock to produce a 9600Hz baud rate clock. Using the same
crystal. the 9600 baud rate can be obtained with a prescaler
divide-by-one and the SCRO - SCR2 bits configured for a
divide-by-eight.

NOTE: Thecrystallrequencyis internallydivided-by-twotogenerate
the internalprocessorclock.
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SCP BIT (NOTE 1) CRYSTAL FREQUENCY MHz
CLOCK

1 0 DIVIDED BY (NOTE 2) 8.0 4.194304 4.0 2.4576 2.0 1.8432

0 0 1 250.000kHz 131.072kHz 125.0ookHz 76.80kHz 62.50kHz 57.60kHz

0 1 3 83.332kHz 43.691 kHz 41.666kHz 25.60kHz 20.833kHz 19.20kHz

1 0 4 62.5OOkHz 32.768kHz 31.250kHz 19.20kHz 15.625kHz 14.40kHz

1 1 13 19.2ookHz 10.082kHz 9600Hz 5.907kHz 4800Hz 4430Hz

NOTES:
1. The clock in the "CLOCK DIVIDED BY" column is the internal processor clock.
2. CDP68HSC05C4 and CDP68HSC05C8 types.
3. The divided frequencies shown in Table 5 represent baud rates which are the highest transmit baud rate (Tx) that can be obtained by a

specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing a further division using
the SCI rate select bits as shown below for some representative prescaler outputs.

SCR BITS REPRESENTATIVE HIGHEST PRESCALER BAUD RATE OUTPUT

(NOTE 1)
2 1 0 DIVIDE BY 250.000kHz 131.072kHz 32.768kHz 76.80kHz 19.20kHz 9600Hz

0 0 0 1 131.072kHz 32.768kHz 76.80kHz 19.20kHz 9600Hz

0 0 1 2 125.000kHz 65.536kHz 16.384kHz 38.40kHz 9600Hz 4800Hz

0 1 0 4 62.5OOkHz 32.678kHz 8.192kHz 19.20kHz 4800Hz 2400Hz

0 1 1 8 31.250kHz 16.384kHz 4.096kHz 9600Hz 2400Hz 1200Hz

1 0 0 16 15.625kHz 8.192kHz 2.048kHz 4800Hz 1200Hz 600Hz

1 0 1 32 7.813kHz 4.096kHz 1.024kHz 2400Hz 600Hz 300Hz

1 1 0 64 3.906kHz 2.048kHz 512Hz 1200Hz 300Hz 150Hz

1 1 1 128 1.953kHz 1.024kHz 256Hz 600Hz 150Hz 75Hz

NOTES:

1. CDP68HSC05C4 and CDP68HSC05C8 types.
2. Table 6 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler output

frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud rates (transmit clock)
and the receiver clock is 16 times higher in frequency than the actual baud rate.

Serial Peripheral Interface (SPI)
INTRODUCTION AND FEATURES

Introduction

The serial peripheral interface (SPI) is an interface built into
the MCU which allows several MCUs, or one MCU plus
peripheral devices, to be interconnected within a single "black
box" or on the same printed circuit board. In a serial peripheral
interface (SPI), separate wires (signals) are required for data
and clock. In the SPI format, the clock is not included in the
data stream and must be fumished as a separate signal. An
SPI system may be configured as one containing one master
MCU and several slave MCUs, or in a system in which an
MCU is capable of being either a master or a slave.

Figure 27 illustrates a typical multicomputer system configu-
ration. Figure 27 represents a system of five different MCUs
in which there are one master and four slave (0, 1, 2, 3). In
this system four basic line (signals) are required for the
MOSI (master out slave in), MISO (master in slave out),
SCK serial clock, and SS (slave select) lines.

Features

• Full Duplex, Three-Wire Synchronous Transfers

• Master or Slave Operation

• Master Bit Frequency

1.05MHz Maximum (CDP68HC05C4, CDP68HC05C8,
and CDP68HCL05C4, CDP68HCL05C8)

2.0MHz Maximum (CDP68HSC05C4, CDP68HSC05C8)

• Slave Bit Frequency

2.1 MHz Maximum (CDP68HC05C4, CDP68HC05C8,
and CDP68HCL05C4, CDP68HCL05C8)

4.0MHz Maximum (CDP68HSC05C4, CDP68HSC05C8)

• Four Programmable Master Bit Rates

• Programmable Clock Polarity and Phase

• End of Transmission Interrupt Flag

• Write Collision Flag Protection

• Master-Master Mode Fault Protection Capability
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SIGNAL DESCRIPTION

The four basic signals (MOSI, MISO, SCK, SS) discussed
above are described in the following paragraphs. Each sig-
nal function is described for both the master and slave
mode.

Master Out Slave In (MOSI)

The MOSI pin is configured as a data output in a master
(mode) device and as a data input in a slave (mode) device.
In this manner data is transferred serially from a master to a
slave on this line; most significant bit first. least significant bit
last. The timing diagrams of Figure 28 summarize the SPI
timing and show the relationship between data and clock
(SCK). As shown in Figure 28, four possible timing relation-
ships may be chosen by using control bits CPOL and CPHA.
The master device always allows data to be applied on the
MOSI line a half-cycle before the clock edge (SCK) in order
for the slave device to latch the data.

NOTE: Boththe slavedevice(s)and a masterdevicemustbe pro-
grammedto similartimingmodesfor properdatatransfer.
When the master device transmits data to a second (slave)
device via the MOSI line, the slave device responds by send-
ing data to the master device via the MISO line. This implies
full duplex transmission with both data out and data in syn·
chronized with the same clock signal (one which is provided
by the master device). Thus, the byte transmitted is replaced
by the byte received and eliminates the need for separate
transmit-empty and receiver-full status bits. A single status bit
(SPIF) is used to signify that the I/O operation is complete.

Configuration of the MOSI pin is a function of the MSTR bit
in the serial peripheral control register (SPCR, location $OA).
When a device is operating as a master, the MOSI pin is an
output because the program in firmware sets the MSTR bit
to a logic one.

Master In Slave Out (MISO)

The MISO pin is configured as an input in a master (mode)
device and as an output in a slave (mode) device. In this
manner data is transferred serially from a slave to a master

on this line; most significant bit first, least significant bit last.
The MISO pin of a slave device is placed in the high-imped-
ance state if it is not selected by the master; i.e., its SS pin is
a logic one. The timing diagram of Figure 28 shows the rela-
tionship between data and clock (SCK). As shown in Figure
28, four possible timing relationships may be chosen by
using control bits CPOL and CPHA. The master device
always allows data to be applied on the MOSI line a half-
cycle before the clock edge (SCK) in order for the slave
device to latch the data.

NOTE: The slavedevice(s)and a masterdevicemust be program-
medto similartimingmodesfor properdata transfer.

When the master device transmits data to a slave device via
the MOSI line, the slave device responds by sending data to
the master device via the MISO line. This implies full duplex
transmission with both data out and data in synchronized
with the same clock signal (one which is provided by the
master device). Thus, the byte transmitted is replaced by the
byte received and eliminates the need for separate transmit-
empty and receiver-full status bits. A single status bit (SPIF)
in the serial peripheral status register (SPSR, location SOB)
is used to signify that the I/O operation is complete.

In the master device, the MSTR control bit in the serial
peripheral control register (SPCR, location $OA) is set to a
logic one (by the program) to allow the master device to
receive data on its MISO pin. In the slave device, its MISO
pin is enable by the logic level of the SS pin; i.e., if SS = 1
then the MISO pin is placed in the high-impedance state,
whereas. if SS = 0 the MISO pin is an output for the slave
device.

Serial Clock (SCK)

The serial clock is used to synchronize the movement of data
both in and out of the device through tts MOSI and MISO pins.
The master and slave devices are capable of exchanging a
data byte of information during a sequence of eight clock
pulses. The SCK is generated by the master device. is an
input on all slave devices. and synchronizes master/slave
data transfers. The type of clock and tts relationship to data
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INTERNAL STROBE FOR DATA CAPTURE (ALL MODES)

FIGURE 28. DATA CLOCK TIMING DIAGRAM

are controlled by the CPOl and CPHA bits in the Serial
Peripheral Control Register (SPCR, location $OA) discussed
below. Refer to Figure 28 for timing.

The master device generates the SCK through a circuit
driven by the internal processor clock. Two bits (SPRO and
SPR1) in the SPCR of the master device select the clock
rate. The master device uses the SCK to latch incoming
slave device data on the MISO line and shifts out data to the
slave device on the MOSI line. Both master and slave
devices must be operated in the same timing mode as con-
trolled by the CPOl and CPHA bits in the SPCR. In slave
devices, SPRO, SPR1 have no effect on the operation of the
SPI. Timing is shown in Figure 28.

Slave Select (55)

The slave select (SS) pin is a fixed input. which receives an
active low ~nal to enable slave device(s) to transfer data. A
high level SS signal forces the MISO line to the high-imped-
ance state. Also~CK and MOSI are i~red by a slave
device when its SS signal is high. The SS signal must be
driven low prior to the first SCK and must remain low
throughout a transfer. The SS input on a Master must be
held high at all times (see description of MODF under Serial
Peripheral Status Register for more details).

As shown in Figure 28, with CPHA = 0, the first bit of data
must be applied to the MISO line prior to the first transition of
the SCK. In this case, SS going low is used to provide the
first clock edge of a transfer. A device is prevented from writ-
ing to its SPI data register while SS is low and CPHA = 0
(see description of WCOl under Serial Peripheral Status
Register for more details). These facts require that 55 go
high between SPI data transfers whenever CPHA = O.

When CPHA = 1, the SS of a slave can be held low through-
out a series of SPI transfers and in a single slave system
can even be permanently wired low.

When a device is a master, it constantly monitors its SS sig-
nal input for a logic low. The master device will become a
slave device any time its SS signal input is detected low.

This ensures that there is only one master controlling the SS
line for a particular system. When the SS line is detected
low, it clears the MSTR control bit (serial peripheral control
register. location $OA). Also, control bit SPE in the serial
peripheral control register is cleared which causes the serial
peripheral interface (SPI) to be disabled. The MODF flag bit
in the serial peripheral status register (location $OB) is also
set to indicate to the master device that another device is
attempting to become a master. Two devices attempting to
be outputs are normally the result of a software error; how-
ever, a system could be configured which would contain a
default master which would automatically "take-over" and
restart the system.

FUNCTIONAL DESCRIPTION

A block diagram of the serial peripheral interface (SPI) is
shown in Figure 29. In a master configuration, the master
start logic receives an input from the CPU (in the form of a
write to the SPI rate generator) and originates the system
clock (SCK) based on the intemal processor clock. This
clock is also used internally to control the state controller as
well as the 8-bit shift register. As a master device, data is
parallel loaded into the 8-bit shift register (from the internal
bus) during a write cycle, data is applied serially from a slave
device via the MISO pin to the 8-bit shift register. After the
8-bit shift register is loaded, its data is parallel transferred to
the read buffer and then is made available to the internal
data bus during a CPU read cycle.

In a slave configuration. the slave start logic receives a logic
low (from a master device) at the SS pin and a system clock
input (from the same master device) at the SCK pin. Thus, the
slave is synchronized with the master. Data from the master is
received serially at the slave MOSI pin and loads the 8-bit
shift register. After the 8-bit shift register is loaded. its data is
parallel transferred to the read buffer and then is made avail-
able to the internal data bus during a CPU read cycle. During
a write cycle. data is parallel loaded into the 8-bit shift register
from the intemal data bus and then shifted out serially to the
MISO pin for application to the master device.



NOTES:
The SS,SCK,MOSIand MISOare externalpinswhichprovidethe followingfunctions:

1. MOSI· Providesserialoutputto slaveunit(s)whendeviceisconfiguredas a master.Receivesserialinputfrommasterunitwhendevice
is configuredas a slaveunit.

2. MISO· Receivesserial inputfromslaveunit(s)whendeviceis configuredas a master.Providesserialoutputto masterwhendeviceis
configuredas a slaveunit.

3. SCK· Providessystemclockwhendeviceisconfiguredasa masterunit.Receivessystemclockwhendeviceisconfiguredasa slaveunit.
4. SS - Providesa logic lowto selectdevicefor a transferwitha masterdevice.

FIGURE 29. SERIAL PRIPHERAL INTERFACE BLOCK DIAGRAM

Figure 30 illustrates the MOSI, MISO, and SCK master·
slave interconnections. Note that in Figure 30 the master SS
pin is tied to a logic high and the slave SS pin is a logic low.
Figure 27 provides a larger system connection for these
same pins. Note that in Figure 27, all SS pins are connected
to a port pin of a master/slave device. In this case any of the
devices can be a slave.

'sCK
:ss
;- +5V

SCK'
$5:

OV -:

FIGURE 30. SERIAL PERIPHERAL INTERFACE MASTER·
SLAVE INTERCONNECTION

REGISTERS

There are three register in the serial parallel interface which
provide control, status, and data storage functions. These
registers which include the serial peripheral control register
(SpeR, location $OA), serial peripheral status register
(SPSR, location $OB), and serial peripheral data I/O register
(SPDR, location $OC) are described below.

The serial peripheral control register bits are defined as
follows:

When the serial peripheral interrupt enable is
high, it allows the occurrence of a processor
interrupt, and forces the proper vector to be
loaded into the program counter if the serial
peripheral status register flag bit (SPIF and/or
MODE) is set to a logic one. It does not inhibit
the setting of a status bit. The SPIE bit is cleared
by reset.

When the serial peripheral output enable control
bit is set, all output drive is applied to the
external pins and the system is enabled. When
the SPE bit is set, it enables the SPI system by
connecting it to the external pins thus allowing it
to interface with the external SPI bus. The pins
that are defined as output depend on which
mode (master or slave) the device is in.
Because the SPE bit is cleared by reset, the SPI
system is not connected to the external pins
upon reset.
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B4, MSTR The master bit determines whether the device is
a master or a slave. If the MSTR bit is a logic
zero it indicates a slave device and a logic one
denotes a master device. If the master mode is
selected, the function of the SCK pin changes
from an input to an output and the function of the
MISO and MOSI pins are reversed. This allows
the user to wire device pins MISO to MISO, and
MOSI to MOSI, and SCK to SCK without inci-
dent. The MSTR bit is cleared by reset; there-
fore, the device is always placed in the slave
mode during reset.

B3, CPOl The clock polarity bit controls the normal or
steady state value of the clock when data is not
being transferred. The CPOl bit affects both the
master and slave modes. It must be used in con-
junction with the clock phase control bit (CPHA)
to produce the wanted clock-data relationship
between a master and a slave device. When the
CPOl bit is a logic zero, ~ produces a steady
state low value at the SCK pin of the master
device. If the CPOl bit is a logic one, a high value
is produced at the SCK pin of the master device
when data is not being transferred. The CPOl b~
is not affected by reset. Refer to Figure 28.

B2, CPHA The clock phase bit controls the relationship
between the data on the MISO and MOSI pins
and the clock produced or received at the SCK
pin. This control has effect in both the master and
slave modes. It must be used in conjunction with
the clock polarity control bit (CPOl) to produce
the wanted clock-data relation. The CPHA bit in
general selects the clock edge which captures
data and allows ~ to change states. It has its
greatest impact on the first bit transmitted (MS6)
in that ~ does or does not allow a clock trans~ion
before the first data capture edge. The CPHA bit
is not affected by reset. Refer to Figure 28.

61, SPR1 These two serial peripheral rate bits select one
60, SPRO of four baud rates to used as SCK if the device

is a master; however they have no effect in the
slave mode. The slave device is capable of shift-
ing data in and out at a maximum rate which is
equal to the CPU clock. A rate table is given
below for the generation of the SCK from the
master. The SPR1 and SPRO bits are not
affected by reset.

INTERNAL PROCESSOR
SPR1 SPRO CLOCK DIVIDE BY

0 0 2

0 1 4

1 0 16

1 1 32

The status flags which generate a serial peripheral interface
(SPI) interrupt may be blocked by the SPIE control bit in the
serial peripheral control register. The WCOl bit does not
cause an interrupt. The serial peripheral status register bits
are defined as follows:

B7, SPIF The serial peripheral data transfer flag bit noti-
fies the user that a data transfer between the
device and an external device has been com-
pleted. With the completion of the data transfer,
SPIF is set, and if SPIE is set, a serial peripheral
interrupt (SPI) is generated. During the clock
cycle that SPIF is being set, a copy of the
received data byte in the shift register is moved
to a buffer. When the data register is read, it is
the buffer that is read. During an overrun condi-
tion, when the master device has sent several
bytes of data and the slave device has not
responded to the first SPIF, only the first byte
sent is contained in the receiver buffer and all
other bytes are lost.

The transfer of data is initiated by the master
device wr~ing its serial peripheral data register.

Clearing the SPIF bit is accomplished by a soft-
ware sequence of accessing the serial periph-
eral status register while SPIF is set and
followed by a write to or a read of the serial
peripheral data register. While SPIF is set, all
writes to the serial peripheral data register are
inhibited until the serial peripheral status register
is read. This occurs in the master device. In the
slave device, SPIF can be cleared (using a simi-
lar sequence) during a second transmission:
however, it must be cleared before the second
SPIF in order to prevent an overrun condition.
The SPIF bit is cleared by reset.

66, WCOl The function of the write collision status bit is to
notify the user that an attempt was made to write
the serial peripheral data register while a data
transfer was taking place with an external
device. The transfer continues uninterrupted:
therefore, a write will be unsuccessful. A ·read
collision" will never occur since the received
data byte is placed in a buffer in which access is
always synchronous with the MCU operation. If
a ·write collision" occurs, WCOl is set but no
SPI interrupt is generated. The WCOl bit is a
status flag only.

Clearing the WCOl bit is accomplished by a
software sequence of accessing the serial
peripheral status register while WCOl is set, fol-
lowed by 1) a read of the serial peripheral data
register prior to the SPIF bit being set, or 2) a
read or write of the serial peripheral data regis-



ter after the SPIF bit is set. A write to the serial
peripheral data register (SPDR) prior to the
SPIF bit being set, will result in generation of
another WCOl status flag. Both the SPIF and
WCOl bits will be cleared in the same
sequence. If a second transfer has started while
trying to clear (the previously set) SPIF and
WCOl bits with a clearing sequence containing
a write to the serial peripheral data register, only
the SPIF bit will be cleared.

A collision of a write to the serial peripheral data
register while an extemal data transfer is taking
place can occur in both the master mode and
the slave mode, although with proper program-
ming the master device should have sufficient
information to preclude this collision.

Collision in the master device is defined as a
write of the serial peripheral data register while
the internal rate clock (SCK) is in the process of
transfer. The signal on the SS pin is always high
on the master device.

A collision in a slave device is defined in two
separate modes. One problem arises in a slave
device when the CPHA control bit is a logic zero.
When CPHA is a logic zero. data is latched with
the occurrence of the first clock transition. The
slave device does not have any way of knowing
when that transition will occur; therefore. the
slave device collision occurs when it attempts to
write the serial peripheral data re~er after its
SS pin has been pulled low. The SS pin of the
slave device freezes the data in its serial periph-
eral data register and does not allow it to be
altered if the CPHA bit is a ~ic zero. The mas-
ter device must raise the SS pin of the slave
device high between each byte it transfers to the
slave device.

The second collision mode is defined for the
state of the CPHA control bit being a logic one.
With the CPHA bit set, the slave device will be
receiving a clock (SCK) edge prior to the latch of
the first data transfer. This first clock edge will
freeze the data in the slave device 1/0 register
and allow the MSB onto the extemal MISO pin
of the slave device. The SS pin low state
enables the slave device but the drive onto the
MISO pin does not take place until the first data
transfer clock edge. The WCOl bit will only be
set if the I/O register is accessed while a transfer
is taking place. By definition of the second colli-
sion mode, a master device might hold a slave
device SS pin low during a transfer of several
bytes of data without a problem.

A special case of WCOl occurs in the slave
device. This happens when the master device
starts a transfer sequence (an edge on SCK for
CPHA = 1; or an active SS transition for CPHA =
0) at the same time the slave device CPU is writ-
ing to its serial peripheral interface data register.

In this case it is assumed that the data byte writ-
ten (in the slave device serial peripheral inter-
face) is lost and the contents of the slave device
read buffer becomes the byte that is transferred.
Because the master device receives back the
last byte transmitted. the master device can
detect that a fatal WCOl occurred.

Since the slave device is operating asynchro-
nously with the master device, the WCOl bit
may be used as an indicator of a collision occur-
rence. This helps alleviate the user from a strict
real-time programming effort. The WCOl bit is
cleared by reset.

B4, MODF The function of the mode fault flag is defined for
the master mode (device). If the device is a
slave device the MODF bit will be prevented
from toggling from a logic zero to a logic one;
however, this does not prevent the device from
being in the slave mode with the MODF bit set.
The MODF bit is normally a logic zero and is set
only when the master device has its SS pin
pulled low. Toggling the MODF bit to a logic one
affects the intemal serial peripheral interface
(SPI) system in the following ways:

1. MODF is set and SPI interrupt is generated if
SPIE = 1.

2. The SPE bit is forced to a logic zero. This
blocks all output drive from the device. dis-
ables the SPI system.

3. The MSTR bit is forced to a logic zero. thus
forcing the device into the slave mode.

Clearing the MODF is accomplished by a soft-
ware sequence of accessing the serial periph-
eral status register while MODF is set followed
by a write to the serial peripheral control regis-
ter. Control bit SPE and MSTR may be restored
to their original set state during this cleared
sequence or after the MODF bit has been
cleared. Hardware does not allow the user to set
the SPE and MSTR bit while MODF is a logic
one unless it is during the proper clearing
sequence. The MODF flag bit indicates that
there might have been a multi-master conflict for
system control and allows a proper exit from
system operation to a reset or default system
state. The MODF bit is cleared by reset.

Serial Peripheral Data I/O Register (SPOR)

The serial peripheral data 1/0 register is used to transmit and
receive data on the serial bus. Only a write to this register
will initiate transmission/reception of another byte and this
will only occur in the master device. A slave device writing to
its data 1/0 register will not initiate a transmission. At the
completion of transmitting a byte of data. the SPIF status bit
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is set in both the master and slave devices. A write or read of
the serial peripheral data I/O register, after accessing the
serial peripheral status register with SPIF set, will clear SPIF.

During the clock cycle that the SPIF bit is being set, a copy
of the received data byte in the shift register is being moved
to a buffer. When the user reads the serial peripheral data
I/O register, the buffer is actually being read. During an over-
run condition, when the master device has sent several
bytes of data and the slave device has not internally
responded to clear the first SPIF, only the first byte is con-
tained in the receive buffer of the slave device; all others are
lost. The user may read the buffer at any time. The first SPIF
must be cleared by the time a second transfer of data from
the shift register to the read buffer is initiated or an overrun
condition will exist.

A write to the serial peripheral data I/O register is not buff-
ered and places data directly into the shift register for trans-
mission.

The ability to access the serial peripheral data I/O register is
limited when a transmission is taking place. It is important to
read the discussion defining the WCOl and SPIF status bit
to understand the limits on using the serial peripheral data
I/O register.

SERIAL PERIPHERAL INTERFACE (SPI)
SYSTEM CONSIDERATIONS

There are two types of SPI systems; single master system
and multi-master systems. Figure 27 illustrates a single
master system and a discussion of both is provided below.

Figure 27 illustrates how a typical single master system may
be configured, using a CDP68HC05 family device as the
master and four CDP68HC05 family devices as slaves. As
shown, the MOSI. MISO. and SCK pins are all wired to
equivalent pins on each of the five devices. The master
device generates the SCK clock, the slave devices all
receive it. Since the CDP68HC05 master device is the bus
master, it internally controls the function of its MOSI and
MISO lines, thus writing data to the slave devices on the
MOSI and reading data from the slave devices on the MISO
lines. The master device selects the individual slave devices
by using four pins of a parallel port to control the four SS
pins of the slave devices. A slave device is selected when
the master device pulls its SS pin low. The SS pins are
pulled high during reset since the master device ports will be
forced to be inputs at that time, thus disabling the slave
devices. Note that the slave devices do not have to be
enabled in a mutually exclusive fashion except to prevent
bus contention on the MISO line. For example, three slave
devices, enabled for a transfer, are permissible if only one
has the capability of being read by the master. An example
of this is a write to several display drivers to clear a display
with a single I/O operation. To ensure that proper data trans-
mission is occurring between the master device and a slave
device, the master device may have the slave device
respond with a previously received data byte (this data byte
could be inverted or at least be a byte that is different from
the last one sent by the master device). The master device

will always receive the previous byte back from the slave
device if all MISO and MOSI lines are connected and the
slave has not written its data I/O register. Other transmission
security methods might be defined using ports for hand-
shake lines or data bytes with command fields.

A multi-master system may also be configured by the user.
An exchange of master control could be implemented using
a handshake method through the I/O ports or by an
exchange of code messages through the serial peripheral
interface system. The major device control that plays a part
in this system is the MSTR bit in the serial peripheral control
register and the MODF bit in the serial peripheral status
register.

Effects of Stop and Wait Modes on the
Timer and Serial Systems
INTRODUCTION

The STOP and WAIT instructions have different effects on
the programmable timer, serial communications interface
(SCI), and serial peripheral interface (SPI) systems. These
different effects are discussed separately below.

STOP MODE

When the processor executes the STOP instruction, the
internal oscillator is turned off. This halts all internal CPU
processing including the operation of the programmable
timer, serial communications interface, and serial peripheral
interface. The only way for the MCU to ·wake up" from the
stop mode is by receipt of an external interrupt (logic low on
IRQ pin) or by the detection of a reset (logic low on RESET
pin or a power-on reset). The effects of the stop mode on
each of the MCU systems (Timer, SCI, and SPI) are
described separately.

Timer During Stop Mode

When the MCU enters the stop mode, the timer counter
stops counting (the internal processor is stopped) and
remains at that particular count value until the stop mode is
exited by an interrupt (if exited by reset the counter is forced
to $FFFC). If the stop mode is exited by an external low on
the IRQ pin, then the counter resumes from its stopped
value as if nothing had happened. Another feature of the
programmable timer. in the stop mode, is that if at least one
valid input capture edge occurs at the TCAP pin, the input
capture detect circuitry is armed. This action does not set
any timer flags or ·wake up" the MCU, but when the MCU
does ·wake up" there will be an active input capture flag (and
data) from that first valid edge which occurred during the
stop mode. If the stop mode is exited by an external reset
(logic low on RESET pin), then no such input capture flag or
data action takes place even if there was a valid input cap-
ture edge (at the TCAP pin) during the MCU stop mode.

SCI During Stop Mode

When the MCU enters the stop mode, the baud rate genera-
tor which drives the receiver and transmitter is shut down.
This essentially stops all SCI activity. The receiver is unable



to receive and transmitter is unable to transmit. If the STOP
instruction is executed during a transmitter transfer, that
transfer is halted. When the stop mode is exited, that partic-
ular transmission resumes (if the exit is the result of a low
input to the IRQ pin). Since the previous transmission
resumes after an IRQ interrupt stop mode exit, the user
should ensure that the SCI transmitter is in the idle state
when the STOP instruction is executed. If the receiver is
receiving data when the STOP instruction is executed,
received data sampling is stopped (baud rate generator
stops) and the rest of the data is lost. For the above reasons,
all SCI transactions should be in the idle state when the
STOP instruction is executed.

SPI During Stop Mode

When the MCU enters the stop mode, the baud rate generator
which drives the SPI shuts down. This essentially stops all
master mode SPI operation, thus the master SPI is unable to
transmit or receive any data. If the STOP instruction is exe-
cuted during an SPI transfer, that transfer is hailed until the
MCU exits the stop mode (provided it is an exit resulting from
a logic low on the IRQ pin). If the stop mode is exited by a
reset, then the appropriate controVstatus bits are cleared and
the SPI is disabled. If the device is in the slave mode when
the STOP instruction is executed, the slave SPI will still oper-
ate. It can still accept data and clock information in addition to
transmitting its own data back to a master device.

At the end of a possible transmission with a slave SPI in the
stop mode, no flags are set until a logic low IRQ input results
in an MCU "wake up". Caution should be observed when

operating the SPI (as a slave) during the stop mode because
none of the protection circuitry (write collision, mode fault,
etc.) is active.

It should also be noted that when the MCU enters the stop
mode all enabled output drivers (TOO, TCMP, MISO, MOSI,
and SCK ports) remain active and any sourcing currents
from these outputs will be part of the total supply current
required by the device.

WAIT MODE

When the MCU enters the wait mode, the CPU clock is
halted. All CPU action is suspended; however, the timer,
SCI, and SPI systems remain active. In fact an interrupt from
the timer, SCI, or SPI (in addition to a logic low on the IRQ or
RESET pins) causes the processor to exit the wait mode.
Since the three systems mentioned above operate as they
do in the normal mode, only a general discussion of the wait
mode is provided below.

The wait mode power consumption depends on how many
systems are active. The power consumption will be highest
when all the systems (timer, TCMP, SCI, and SPI) are active.
The power consumption will be the least when the SCI and
SPI systems are disabled (timer operation cannot be dis-
abled in the wait mode). If a non-reset exit from the wait
mode is performed (I.e., timer overflow interrupt exit), the
state of the remaining systems will be unchanged. If a reset
exit from the wait mode is perlormed all the systems revert
to the disabled reset state.
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Features
• Typical Power ~ Operating .•.•.•.•.•..••.. 17.5mW

~ WAIT ••••••.......•.••..•.•• 8mW
~ STOP .............•.•.•.•. 10.0IlW

• Fully Static Operation
• On-Chip RAM .•.•.••............•••.•.•..• 96 Bytes
• On-Chip ROM .•....•.•.•..•............ 2176 Bytes
• I/O Lines

~ Bidirectional I/O Lines •...•••...•••.•.....•.•.. 28
~ Input Only Lines •.......••••••.•.•.•••••....•.•. 3

• Programmable Open Drain Output Lines •.•••.•... 12
• On-Chip Oscillator for Timer
• Internal 16-Bit Timer
• Serial Peripheral Interface (SPI)
• External (IRQ), Timer, Port B and Serial Interrupts
• Self Check Mode
• Single 2.5V to 6V Supply (2V Data Retention Mode)
• RC or Crystal On-Chip Oscillator
• 8x8 Multiply Instruction
• True Bit Manipulation
• Indexed Addressing for Tables
• Memory Mapped I/O

General
The CDP68HC05D2 Microcontroller Unit (MCU) belongs to
the CDP6805 Family of Microcontrollers. This 8-bit MCU
contains on-chip oscillator, CPU, RAM, ROM, I/O, and Timer.
The fully static design allows operation at frequencies down
to DC, further reducing its already low power consumption. It
is a low power processor designed for low end to mid range
applications in the telecommunications, consumer, automo-
tive and industrial markets where very low power consump-
tion constitutes an important factor.

The CDP68HC05D2 is supplied in a 40 lead hermetic dual-
in-line sidebrazed ceramic package (D suffix), a 40 lead

Pinouts 40 LEAD CERAMIC SIDEBRAZE DIP
40 LEAD PLASTIC DIP

TOP VIEW
v !i VDD

~ OSO,

38 OSC2Me3
PA7 -4

::~
PM 7

PA3 •
P~ •

PAt ~

PM 11

PBO 12

POl ~:~:~... ,.
P87~

Vss~

37 TCAP

~ :::p
34 PO~

~ I'O'ISO<

~ PD3,IMOSt

31 PD2/M1SO

PD1/T0SC2

2 PDO/TOSCl

2 PCD

2 PC,

PC>

2 PC3

2 PC<

23 PCS
22 PCB

21 per

dual-in-line plastic package (E suffiX), a 44 lead plastic chip
carrier (N suffiX), and a 44 lead metric plastic quad flatpack
(Q suffiX).

Functional Pin Descriptions
VDD and VSS

Power is supplied to the MCU using these two pins. VDD is
power and VSS is ground.

N.C.
The pin labelled N.C. should be left disconnected.

IRQ (Maskable Interrupt Request)
IRQ is a programmable option which provides two different
choices of interrupt triggering sensitivity. These options are:

1. Negative edge sensitive triggering only, or

2. Both negative edge sensitive and level sensitive
triggering.

In the latter case, either type of input to the IRQ pin will prod'
uce the interrupt. The MCU completes the current instruction
before it responds to the interrupt request. When the IRQ pin
goes low for at least one tILlH, a logic one is latched internally
to signify that an interrupt has been requested. When the
MCU completes its current instruction, the interrupt latch is
tested. If the interrupt latch contains a logic one, and the inter-
rupt mask bit (1 bit) in the condition code register is clear, the
MCU then begins the interrupt sequence. If the option is se-
lected to include level sensitive triggering, then the IRQ input
requires an external resistor to VDD for "wire-OR" operation.
see the INTERRUPTS information for more detail.

RESET
The RESET input is not required for startup but can be used
to reset the MCU internal state and provide an orderly soft-
ware startup procedure. Refer to the RESETs information for
a detailed description.

44 LEAD PLASTIC CHIP CARRIER
TOP VIEW

.. ,. 1m 0 (3 ~ ~~ ~ ~ ~ I~ ~ >0 ~ ~ ~ ~

~!,;~~.:~~.:~!.:~!.:i~j ~'t4.:~t~.:~~.:~t~~iO.• '"

PAS ~~ • ~~a P07

PA<4 !J L~8 TeMP

PA3 ~J
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PBO 1~]
PBl l~J
PB2 1~]

PB3 l~J
PIW I}]
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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PAO
PAl

Port PA2
A PA3
110 PA4

Lines PA5
PA6
PA7

PBO
PBl

Port PB2
B P.B3
110 PB4

Lines PB5
PB6
PB7

Accumulator
8 A

Index

8
Register

X
Condition

Code
RegISter CC

Stack

6
POinter

S

Program
Counter

5 High PCH

Program
Counter

8 Low PCL

240 x 8
Self· Check

ROM

Data Port
DII C
Reg Reg

Data Port
Oir 0
Reg Reg

Internal
Processor

Clock

TCAP
The TCAP input controls the input capture feature for the
on-chip programmable timer system. Refer to the INPUT
CAPTURE REGISTER section for additional information.

TCMP
The TCMP pin (35) provides an output for the output com-
pare feature of the on-chip timer system. Refer to the OUT-
PUT COMPARE REGISTER section for additional informa-
tion.

OSC1,OSC2
The CDP68HC05D2 can be configured to accept either a
crystal input or an RC network to control the internal oscil-
lator. This option is mask selectable. The internal clocks are
derived by a divide-by-two of the internal oscillator fre-
quency (fose).

CRYSTAL. (CRYSTAL OPTION")

The circuit shown in Fig. 2(b) is recommended when using
a crystal. The internal oscillator is designed to interface
with an AT-cut parallel resonant quartz crystal resonator in
the frequency range specified for fose in the control timing
charts. Use of an external CMOS oscillator is recommended
when crystals outside the specified ranges are to be used.
The crystal and components should be mounted as close as
possible to the input pins to minimize output distortion and
startup stabilization time. Refer to the Electrical Character-
istics Table.

PCO

PCI Port
PC2 C
PC3 110
PC4 Lines
PC5
PC6
PC7
To Timer System
PD7

rOSCl (PDO) \
rOSC2 (PD1)
MISO IPD211
MOSIIPD31
SCK IPD4J
55 (PD51

CERAMIC RESONATOR (CRYSTAL OPTION")
A ceramic resonator may be used in place of the crystal in
cost-sensitive applications. The circuit in Fig. 2(b) is
recommended when using a ceramic resonator. Fig. 2(a)
lists the recommended capacitance and feedback resistance
values. The manufacturer of the particular ceramic resonator
being considered should be consulted for specific in-
formation.

RC. (RESISTOR OPTION")
If the RC oscillator option is selected, then a resistor is
connected to the oscillator pins as shown in Fig. 2(d).

EXTERNAL CLOCK.

An external clock should be applied to the OSC1 input with
the OSC2 input not connected, as shown in Fig. 2(e). An
external clock may be used with either the RC or crystal oscil·
lator option, however, the crystal option is recommended to
reduce loading on the external clock source. The toxov or
tlLCH specifications do not apply when using an external
clock input. The equivalent specification of the external clock
should be used in lieu of toxov or tILCH.

PAO-PA7
These eight 110 input comprise port A. The state of any pin is
software programmable and all port A lines are configured as
input during power-on or reset. These lines are open drain
software programmable. Refer' to INPUT/OUTPUT PRO-
GRAM MABLE information below for a detailed description of
110 programming.

(/Ja:
o~a:..J
00_a:
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2MHz 4 MHz Unit.

RSMAX 400 75 0

Co 5 7 pF
C, 0.008 0.012 J.lF

Cosc, 15-40 15-30 pF

COSC2 15-30 15-25 pF

Rp 10 10 MO
Q 30 40 K

2•.••MHz UnIts
As (typical) 10 0
Co 40 pF
C, 4.3 pF
C08Cl 30 pF
COSC2 30 pF
Ap 1-10 MO
Q 1250 -

OSC1

39

OSC2
38

OSC 2
38

38 39------[)I-------

OSC1
39

OSC2
38

UNCONN£CTED
EXTERNAL
CLOCK

(e) External Clock Source Connections

92CS-39366



PBO-PB7
These eight lines comprise port B. The state of any pin is
software programmable and all port B lines are configured
as input during power-on or reset. These lines may be
configured to generate interrupts. Refer to port B interrupt
section. Refer to INPUT/OUTPUT PROGRAMMING par-
agraph below for a detailed description of I/O program-
ming.

PCO-PC7
These eight lines comprise port C. The state of any pin is
software programmable and all port C lines are configured
as input during power-on or reset. Refer to INPUT/OUT-
PUT PROGRAMMING paragraph below for a detailed de-
scription of I/O programming.

PDO-PD5, PD7
These seven lines comprise Port D. Four pins (PD2-PD5)
are individually programmable as either inputs or outputs.
PD7 is always an input line. PDO-PD5Iines are set as inputs
on power-on or reset. The enabled Timer and SPI special
functions listed below affect the pins on this port. PDO-PD1
(referred to as TOSC1, TOSC2) are used to control the
oscillator for the timer in the external clock mode. If the
external clock mode is not used, these pins are configured
as inputs only. See sections EXTERNAL TIMER OSCILLA-
TOR and SPECIAL PURPOSE PORT. MOSI is the SPI Serial
Data Output (in Master Mode) MISO is the SPI Serial Data
Input (in Master Mode). SCK is the clock for the SPI (con-
figured as output in the Master Mode). SS is the Slave Select
input for the SPI.

Nole: It is recommended lhat all unused inputs (except OSC2) and
I/O ports configured as inputs be lied to an appropriate logic level
(e.g. either Voo or Vss).

The I/O register section is found in the first 32 bytes of
memory and includes the following:
• Three programmable parallel ports (Ports A, B, and C) .
• One port (Port D) with three input lines and four pro-

grammable lines which share its external pins with Serial
Peripheral Interface (SPI) and Timer functions.

The general memory arrangement for each system has a
control register, followed by a status register, followed by a
data register. A CPU read of any undefined/unused bits will
obtain a value of "0". The register assignment may be found
in Table II.

Input/Output Programming

Parallel Ports
Ports A, B, and C may be programmed as an input or an
output under software control. The direction of the pins is
determined by the state of the corresponding bit in the port
data direction register (DDR). Each 8-bit port has an asso-
ciated 8-bit data direction register. Any port A, 'port B, or
port C pin is configured as an output if its corresponding
DDR bit is set to a logic one. A pin is configured as an input if
its corresponding DDR bit is cleared to a logic zero. At
power-on or reset all DDRs are cleared, which configure all
port A, B, and C pins as inputs. The data direction registers
are capable of being written to or read by the processor.

Refer to Fig. 3 and Table I. During the programmed output
state, a read of the data register actually reads the value of
the output data latch and not the I/O pin.

As an option for Port A, the eight Port A outputs (PAO-PAl)
can be programmed to be open drain outputs when bit 0 in
the Special Port Control/Status register is set and their DDR
bits are set. Also, the setting of the "Wired-OR" Mode
(WOM) bit in theSPI Control Registerwill cause Port D lines
2-5 (when programmed as outputs) to be open drain.

SPECIAL PURPOSE PORT
Port D contains four individually programmable bi-direc-
tionallines (PD2-PD5) and three input lines (PDO, PD1, and
PD7). The direction of the four bi-directionallines is deter-
mined by the state of the data direction register (DDR).
Each of these four lines has an associated DDR bit. The
validity of a port bit is determined by whether the SPI sys-
tem and external timer oscillator are enabled or disabled.
When the SPI system is disabled, lines PD2-PD5 behave as
normal I/O lines and the corresponding DDR bits determine
whether the lines are inputs or outputs. Lines PD~ and PD1
are inputs when the external timer oscillator is not used.
However, once the external timer oscillator has been
enabled, PD1 will become an output-only line until the
processor is reset.

A write to bits 0, 1, 6, and 7 of the Port D Data Direction
Registerwill have no effect. A read of DDR bits 0,1,6, and 7
will always return zeros.

Nole: When using the Serial Peripheral Interlace (SPI). bit Sof Port
o is dedicated as the Slave Select (SS) input when the SPI system is
enabled. In SPI Slave Mode, OOR bitS has no meaning or ellect. In
SPI Master Mode, OOR bitS determines whether Port 0 bitS is an
error detect input to the SPI (OOR bit clear) or a general purpose
output line (OOR bit set).

For bits 2, 3, and 4 (MISO, MOSI, and SCK). if the SPI is
enabled and expects the bit to be an input, itwill bean input
regardless of the state of the DDR bit. If the SPI is enabled
and expects the bit to be an output, it will be an output ONLY
if the DDR bit is set.

Memory
The CDP68HC05D2 has a total add ress space of 8192 bytes.
The address map isshown in Fig. 4. The CDP68HC05D2 has
implemented 2550 bytes of the address locations.

The first 256 bytes of memory (page zero) is comprised of
the I/O port locations, timer locations. 128 bytes of ROM
and 96 bytes of RAM. The next 2048 bytes comprise the user
ROM. The 16 highest address bytes contain the reset and
interrupt vectors.

The stack pointer is used to address data stored on the
stack. Data is stored on the stack during interrupts and
subroutine calls. At power-up, the stack pointer is set to
$OOFF and it is decremented as data is pushed on the stack.
When data is removed from the stack, the stack pointer is
incremented. A maximum of 64 bytes of RAM is available for
stack usage. Since most programs use only a small part of
the allocated stack locations for interrupts and/or subrou-
tine stacking purposes, the unused bytes are usable for
program data storage. See Fig. 4 for details on stacking
order.
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DATA DIRECTION
REGISTER

BIT

INTERNAL
CDP68HC05D2

CONNECTIONS

LATCHED
OUTPUT DATA

BIT

""'~"~
PORT OOR

NOTES:
1. -DENOTES DEVICES HAVE SAME

PHYSICAL SIZE, AND ARE

ENHANCEMENT TYPE.
2. IP '" INPUT PROTECTION.
3. LATCH-UP PROTECTION NOT SHOWN.

R/W· OOR 1/0 Pin Function

0 0 The 1/0 pin is in input mode. Data is written into the output data latch.

0 1 Data is written into the output data latch and output to the 1/0 pin.

1 0 The state of the 1/0 pin is read.

1 1 The 1/0 pin is in an output mode. The output data latch is read.

I/O
PIN



1/0
32 Bytes

User \
ROM

128 Bytes

RAM
96 Bytes

1-- ---- ai Stack
64 Byles

a
a

User
ROM

2048 Bytes

Unused
5632 Bytes

7
7

Self Check

1------

Self-Check
Vectors

User
Vectors
16 Bytes

8

\
\

\
191 \

0192 \

255 \

256 \

\
\
\
\
\

Ports
8 Bytes

Unused

2 Bytes

Senal Peripheral
Interface
3 Bytes

Unused
5 Bytes

Timer
10 Byles

Unused 2 Bytes

Special Port Controll
SIal Register

Unused

1 Byte

Port A Data Register

Port B Data Register

Port C Data Register

Port 0 Data Register

Port A Data Direction Register

Port 8 Data DirectIon Register

Port C Dala DirectIon Reglste>f

Port 0 Dala Direction Register

Unused

Unused

Senal Peripheral Control Register

Serial Peripheral Status RegIster

Serial Peripheral Data 110 RegIster

Unused

Unused

Unused

Unused

Unused

Timer Control RegIster

Timer Status Register

Input Capture High Register

Input Capture low RegIster

Output Compare High RegIster

Output Compare Low RegIster

Counter HIgh Register

Counter low RegIster

Alternate Counter High Register

Alternate Counter low RegIster

Unused

Unused

SpeCial Port Control/Stal Register

Unused

$00

SOl

S02

S03

$04

S05

$06

S07

SOB

S09

SOA

$08

SOC

$00

$OE

$OF

$10

$11 en
$12 a:

W
$13 6-1
$1.

a:-I
00

$15
_a::EI-

$16 Z
0

$17 0
$18

$19

$lA

$18

$lC

$10

$IE

$lF

ADDRESS DATA DATA__ $OOlF
7 6 5 • 3 2 1 0 7 6 5 • 3 2 1 0

00 Port A Data 10 Unused - - - - - - - -
01 Port B Data 11 Unused - - - - - - - -
02 Port C Data 12 Timer Control ICIE OCIE TOlE EOE ECC IEOG OlVl

03 Port DOaia 13 Timer Status ICF OCF TOF - - - - -
04 Port A OOR 14 Capture High

05 Port 800R 15 Capture low

06 Port C DOA 16 Compare High

07 Port ODOR - - 17 Compare Low

08 Unused - - - - - - - - 18 Counter High

09 Unused 19 Counter Low

OA SPI Control SPIE SPE DWOM MSTR CPOL CPHA SPAl SPRO lA Dual TM High

08 SPI Status SPIF WCOL - MODF - - - - 1B Dual TM low

OC SPI Data lC Unused

00 Unused - - - - - - - - 10 Unused - - - - - - - -
OE Unused 1E Special Port PBIF - - - - DlY PBIE PAOD

OF Unused CntllSTAT

. = dedicated as TCMP output IF Unused - - - - - - - -

\
\
\
\
\
\
\
\
\



7 0

I A I Accumulator

7 0

I X I Index Register

12 0

I PC I Program Counter

12 6 0

CililiIiliIiliJ I Stack Pointer

Condition Code Register
Carry/Borrow

Zero

Negative

Interrupt Mask

Half Carry

Increasing Memory I~
Addresses U

R 0
N

o
Condition Code Register

Accumulator

Index Register

PCH

PCl

Stack
I
N
T
~ Decreasing Memory
R Addresses
U
P
T

Note: Since the Stack Pointer decrements during pushes, the PCL
is stacked first, followed by PCH, etc. Pulling from the stack is in the
reverse order.

CPU Registers
The CDP68HC05D2 CPU contains five registers, as shown
in the programming model of Fig. 5. The interrupt stacking
order is shown in Fig. 6.

Accumulator (A)
The accumulator is an 8-bit general-purpose register used
to hold operands, results of the arithmetic calculations, and
data manipulations.

Index Register (X)
The x register is an 8-bit register which is used during the
indexed modes of addressing. It provides an 8-bit value
which is used to create an effective address. The index
register is also used for data manipulations with the read-

modify-write type of instructions and as a temporary stor-
age register when not performing addressing operations.

Program Counter (PC)
The program counter is a 13-bit register that contains the
address of the next instruction to be executed by the
processor.

Stack Pointer (SP)
The stack pointer is a 13-bit register containing the address
of the next free locations on the push-down/pop-up stack.
When accessing memory; the seven most significant bits
are permanently configured to 0000011. These seven bits
are appended to the six least significant register bits to
produce an address within the range of $OOFFto $OOCO.The



stack area of RAM is used to store the return address on
subroutine calls and the machine state during interrupts.
During external or power-on reset, and during a resetstack
pointer (RSP), instruction. the stack pointer is set to its
upper limit ($OOFF).Nested interrupt and/or subroutines
may use up to 64 (decimal) locations. When the 64 locations
are exceeded, the stack pointer wraps around and points to
its upper limit ($OOFF),losing the previously stored informa-
tion. A subroutine call occupies two RAM bytes on the
stack. while an interrupt uses five RAM bytes.

Condition Code Register (CC)
The condition code register is a 5-bit register which indi-
cates the results of the instruction just executed as well as
the state of the processor. These bits can be individually
tested by a program and specified action taken asa result of
their state. Each bit is explained in the following para-
graphs.

HALF CARRY BIT (H).
The H bit is set to a one when a carry occurs between bits 3
and 4 of the ALU during an ADD or ADC instruction. The H
bit is useful in binary-coded decimal subroutines.

INTERRUPT MASK BIT (I).
When the I bit is set, all interrupts are disabled. Clearing this
bit enables the interrupts. If an external interrupt occurs
while the I bit is set. the interrupt is latched and is processed
after the I bit is next cleared; therefore. no interrupts are lost
because of the I bit being set. An internal interrupt can be
lost if it is cleared while the I bit is set (refer to PROGRAM-
MABLE TIMER, SERIAL PERIPHERAL INTERFACE, and
PORT B INTERRUPT sections for more information.

NEGATIVE (N).
When set, this bit indicates that the result of the last arith-
metic. logical. or data manipulation is negative (bit 7 in the
result is a logic one).

ZERO (Z).
When set, this bit indicates that the result of the last arith-
metic. logical. or data manipulation is zero.

CARRY/BORROW (C).
Indicates that a carry or borrow out of the arithmetic logic
unit (ALU) occurred during the last arithmetic operation.
This bit is also affected during bit test and branch instruc-
tions, shifts, and rotates.

+'V

RESET

••. 1K COP68HCO,02

IRQ RESET
10 K 2 N 3904

+ V 40
+5VN.C, VOD

3.
20 pF

10K cse , q
37 4 MHzreAP

cse 2:
38 (20PF ~PAr

PA6
( SEE NOTE)

• PDr
36 +5V

PA5

TC"P
35

PA4

POS/S5
34

PA3
33 1M

PA2 P04/SCK
10 32 10K

PAl PD3/MOSt

" 31
PAD POZ/MISO

3D 10K
PO IITose 2:

PDO/Tose 1
2.

+5V
12 2B

PBO PCO

13
PC 1 27

PBl
10K 14 2.
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15
PC 3

25
PB3I.

PC4
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23
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Self-Check
The CDP68HC05D2 contains in mask ROM address loca-
tions $1 FOO to $1 FEF, a program designed to check the
part's integrity with a minimum of support hardware. The
self-check capability of the CDP68HC05D2 MCU provides
an internal check to determine if the device is functional.
Self-check is performed using the circuit shown in the
schematic diagram of Fig. 7. As shown in the diagram, port
C pins PCO-PC3 are monitored (light-emitting diodes are
shown but other devices could be used) for the self-check
results. The self-check mode is entered by ap.E.!l'ing a 9Vdc
input (through a 4.7 kilohm resistor) to the rno pin (2), a
5Vdc input (through a 10-kilohm resistor) to the TCAP pin
(37), a 5Vdc input (through a 10K resistor) to Port B, bit 2
(pin 14), and then depressing the reset switch to execute a
reset. After reset, the following six tests are performed au-
tomatically:

I/O - Functionally exercises ports A, B, and C
RAM - Counter test for each RAM byte
Timer - Tracks counter register and checks OCF flag
ROM - Exclusive OR with odd ones parity result
SPI - Transmission test with check for SPIF, WCOL,

and MODF flags
INTERRUPTS - Tests external, timer, Port Band SPI

interrupts.

Self-check results (using LEDs as monitors) are shown in
Table III. The following subroutines are available to user
programs and do not require any external hardware.

PC3 PC2 PC1 peo Remarks

1 0 0 1 Bad I/O

1 0 1 0 Bad RAM

1 0 1 1 Bad Timer

1 1 0 0 Bad Port D and/or Timer Oscillator

1 1 0 1 Bad ROM

1 1 1 0 Bad SPI

1 1 1 1 Bad Interrupts or IRQ Request

Flashing Good Device

All Others Bad Device, Bad Port C, etc.

TIMER TEST SUBROUTINE
This subroutine returns with the Z bit cleared if any error is
detected; otherwise, the Z bit is set. This subroutine is
called at location $1 FOE. The output compare register is
first set to the current timer state. Because the timer is
free-running and has only a divide-by-four prescaler, each
timer count cannot be tested. The test reads the timer once
every 10 counts (40 cycles) and checks for correct count-
ing. The test tracks the counter until the timer wraps
around, triggering the output compare flag in the timer
status register. RAM locations $OOAOand $00A1 are over-
written. Upon return to the user's program, X=40. If the test
passed, A=O.

ROM CHECKSUM SUBROUTINE
This subroutine returns with the Z bit cleared if any error is
detected; otherwise, the Z bit is set. This subroutine is
called at location $1 F93 with RAM location $00A3 equal to
$01 and A = O.A short routine is set up and executed in RAM

to compute a checksum of the entire ROM pattern. Upon
return to the user's program, X=O. If the test passed, A=O.
RAM locations $OOAOthrough $00A3 are overwritten.

RESETS
The CDP68HC05D2 has two reset modes: an active low
external reset pin (RESET) and a power-on reset function;
refer to Fig. 8.

RESET Pin
The RESET input pin is used to reset the MCU to provide an
orderly software startup procedure. When using the exter-
nal reset mode, the ~ pin must stay low for a minimum
of one and one-half tcyc. The RESET pin contains an internal
Schmitt Trigger as part of its input to improve noise immuni-
ty.

Power-On-Reset
The power-on reset occurs when a positive transition is
detected on VDO. The power-on reset is used strictly for
power turn-on conditions and should not be used to detect
any drops in the power supply voltage. There is no provision
for power-down reset. The power-on circuitry provides for a
delay from the time that the oscillator becomes active upon
power-up or when exiting the STOP mode.

Associated with the mask programmable CPU oscillator
option in the D2 is a mask option for controlling the timeout
which occurs at power-on or when exiting the STOP mode.
The user has a mask option of selecting a 4064 tcyc delay
·(which is required for the on-chip crystal oscillator) or a 2 cy-
cle timeout permitting faster startups with the RC oscillator
mask option or external oscillator.

To permit use of an external oscillator with crystal mask
option and a two cycle delay when exiting from STOP, bit 2
(DL Y) of the Special Port Control/Status Register (memory
location $001 E), when set, will override the 4064 cycle
mask-programmable delay and force a two cycle timeout.
Since this bit is reset at power-on, the power-on delay will
remain as mask-programmed.

If the external RESET pin is low at the end of the delay
timeout, the processor remains in the reset condition until
the RESET goes high. Table IV shows the actions of the two
resets on internal circuits, but not necessarily in order of
occu rrence.

Interrupts
Systems often require that normal processing be interrupt-
ed so that some external event may be serviced. The
CDP68HC05D2 may be interrupted by one of five different
methods: either one of four maskable hardware interrupts
(i"RTI, SPI, PBINT, or Timer) and one non-maskable soft-
ware interrupt (SWI). Interrupts such as Timer and SPI have
several flags which will cause the interrupt. Generally, inter-
rupt flags are located in read-only status registers, while
their equivalent enable bits are located in associated con-
trol registers. If the enable bit is a logic zero it blocks the
interrupt from occurring but does not inhibit the flag from
being set. Reset clears all enable bits to preclude interrupts
during the reset procedure.

The general sequence for clearing an interrupt is a software
sequence of first accessing the status register while the
interrupt flag is set, followed by a read or write of an asso-
ciated register. When any of these interrupts occur, and if
the enable bit is a logic one, normal processing is sus-
pended at the end of the current instruction execution.
Interrupts cause the processor registers to be saved on the
stack (see Fig. 6) and the interrupt mask (I bit) set to prevent
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Fig. 8 - Power-On Reset and RESET

Ul0::
O~0::-'
00_0::
:il-

Zoo

RESET --------------~f;:ry

Timer Prescaler reset to zero state
Timer counter configured to $FFFC
Timer output compare (TCMP) bit reset to zero
All timer interrupt enable bits cleared (ICIE, OCIE, and TOlE) to disable timer interrupts.

The OLVL timer bit is also cleared by reset
All data direction registers cleared to zero (input)
Configure stack pointer to $OOFF
Force internal address bus to restart vector ($1FFE-$1FFF)
Set I bit in condition code register to a logic one
Clear STOP latch'
Clear external interrupt latch
Clear WAIT latch
Disable SPI (serial output enable control bit SPE=O). Other SPI bits cleared by reset include:

SPIE, MSTR, SPIF, WCOL, and MODF
Clear serial interrupt enable bit
Place SPI system in slave mode (MSTR=O)
Externaltimer oscillator disabled and 3-stated
CPU oscillator connected to timer
Reset Port B interrupt enable
DWOM bit reset
PAOD bit reset
Reset DLY bit in special control/status register

'Indicates that timeout still occurs with RESET pin



additional interrupts. The appropriate interrupt vector then
points to the starting address of the interrupt service routine
(refer to Fig. 4 for vector location). Upon completion of the
interrupt service routine, the RTI fnstruction (which is nor-
mallya part of the service routine) causes the register con-
tents to be recovered from the stack followed by a return to
normal processing. The stack order is shown in Fig. 6.

Note:The interrupt maskbit (I bit) will be clearedupon returning
fromthe interrupt if andonly if thecorrespondingbit storedin the
stack is zero. The priority of the various interrupts is as follows
(highestpriority to lowestpriority:
RESET- ' - EXTINT- TIMER- SPI- Port B
'is any instructionor the SWIserviceroutine.
A discussionof interrupts.plusa tablelisting vectoraddressesfor
all interrupts including reset,in the CDP68HC05D2is providedin
TableV.

Flag CPU Vector
Register Name Interrupts Interrupt Address

N/A N/A Reset RESET $1FFE-$1FFF
N/A N/A Software SWI $1FFC-$1FFD
N/A N/A External Interrupt IRQ $1FFA-$1FFB

Timer Status ICF Input Capture TIMER $1FF8-$1FF9
OCF Output Compare
TOF Timer Overflow

SPI Status SPIF Transfer Complete SPI $1FF4-$1FF5
MODF Mode Fault

Special
Port cis PBIF Port B PB $1FF2-$1FF3

Hardware Controlled Interrupt Sequence
The following three functions (~, STOP, and WAIT)
are not in the strictest sense an interrupt; however, they are
acted upon in a similar manner. Flowcharts for hardware
interrupts are shown in Fig. 9, and for STOP and WAIT are
provided in Fig. 10. A discussion is provided below:

• A low input on the RESET input pin causes the program to
vector to its starting address which is specified by the
contents of memory locations $1FFEand $1FFF.The I bit
in the condition code register is also set. Much of the
MCU is configured to a known state during this type of
reset as previously described in the RESET paragraph.

• STOP - The STOP instruction causes the oscillator to be
turned off and the processor to "sleep" until an external
interrupt (~), Port B interru~ Timer interrupt (if using
an external timer clock), or RE ET occurs.

• WAIT - The WAIT instruction causes all processor
clocks to stop, but leaves the Timer and SPI clocks run-
ning. This "rest" state of the processor can be cleared by
reset, an external interrupt (~), Timer interrupt, SPI
interrupt, or Port B interrupt. There are no special wait
vectors for these individual interrupts.

Software Interrupt (SWI)
The software interrupt is an executable instruction. The
action of the SWI instruction is similar to the hardware
interrupts. The SWI is executed regardless of the state of
the interrupt mask (I bit) in the condition code register. The
interrupt service routine address is specified by the con-
tents of memory location $1FFC and $1FFD.

External Interrupt
If the interrupt mask (I bit) of the condition code register has
been cleared and the external interrupt pin (IRQ) has gone
low, then the external interrupt is recognized. When the
interrupt is recognized, the current state of the CPU is
pushed onto the stack and the I bit is set. This masks further
interrupts until the present one is serviced. The interrupt
service routine address is specified by the content of memo-
ry 16cation $1FFA and $1FFB. Either a level-sensitive and
negative edge-sensitive trigger, or a negative edge-sensi-
tive only trigger are available as a mask option. Fig. 11
shows both a functional and mode timing diagram for the
interrupt line. The timing dia~ shows two different
treatments of the interrupt line (fRQ) to the processor. The
first method shows single pulses on the interrupt line



spaced far enough apart to be serviced. The minimum time
between pulses is a function of the number of cycles re-
quired to execute the interrupt service routine plus 21 cy-
cles. Once a pulse occurs, the next pulse should not occur
until the MCU software has exited the routine (an RTI oc-
curs). The second configuration shows several interrupt
lines "wire-ORed" to form the interrupts at the processor.

Thus, if after servicing one interrupt the interrupt line re-
mains low, then the next interrupt is recognized.

Note: The internal interrupt latch is cleared in the first part of the
service routine. therefore, one (and only one) external interrupt
pulse could be latched during t,uLand serviced as soon as the I bit is
cleared.

CLEAR rrrn
REQUEST

LATCH

-hQAD PC FROM
IRQ: $1 FFA-$lFFB

TIMER: $1 FF8-$1 FF9
PB: $1 FF2-$1 FF3
SPI: $1 FF4-$1 FF5

COMPLETE
INTERRUPT

ROUTINE
AND EXECUTE

RTI



(1) FETCH RESET VECTOR OR
{2) SERVICE INTERRUPT

a. STACK
b. SET I BIT
c. VECTOR TO INTERRUPT

ROUTINE

OSCILLATOR ACTIVE
TIMER, AND SPI
CLOCKS ACTIVE

PROCESSOR CLOCKS STOPPED
CLEAR I BIT

(1) FETCH RESET VECTOR OR
(2) SERVICE INTERRUPT

a. STACK
b. SET I BIT
c. VECTOR TO INTERRUPT

ROUTINE

Timer Interrupt
There are three different timer interrupt flags that will cause
a timer interrupt whenever they are set and enabled. These
three interrupt flags are found in the three most significant
bits of the timer status register (TSR, location $13) and all
three will vector to the same interrupt service routine
($1FF8-$1FF9). The three timer interrupt conditions are
timer overflow, output compare, and input capture.

All interrupt flags have corresponding enable bits (lGIE,
OGlE, and TOlE) in the timer control register (TGR, loca-
tion $12). Reset clears all enable bits, thus preventing an
interrupt from occurring during the reset period. The actual
processor interrupt is generated only if the I bit in the condi-
tion code register is also cleared. When the interrupt is
recognized, the current machine state is pushed onto the
stack and I bit is set. This masks further interrupts until the
present one is serviced. The interrupt service routine ad-
dress is specified by the contents of memory location $1FF8

and $1FF9.The general sequence for clearing an interrupt
is a software sequence of accessing the status register
while the flag is set, followed by a read or write of an
associated register. Refer to the PROGRAMMABLE TIMER
section for additional information about the timer circuitry.

Serial Peripheral Interface (SPI) Interrupts
An interrupt in the serial peripheral interface (SPI) occurs
when one of the interrupt flag bits in the serial peripheral
status register (Location $OB)is set, provided the I bit in the
condition code register is clear and the enable bit in the
serial peripheral control register (location $OA)is enabled.
When the interrupt is recognized, the current state of the
machine is pushed onto the stack and the I bit in the condi-
tion code register is set. This masks further interrupts until
the present one is serviced. The SPI interrupt causes the
program counter to vector to memory location $1FF4 and
$1FF5 which contains the starting address of the interrupt
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MASK OPTION
VDD

INTERRUPT
PIN

EXTERNAL
INTERRUPT
REQUEST

POWER-ON RESET

EXTERNAL RESET
EXTERNAL INTERRUPT
BEING SERVICED
(READ OF VECTORS)

____ r
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NORMALLY
USED WITH
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Edge-Sensitive Trigger Condition
The minimum pulse width (tIL1H) is
either 125ns (Voo= 5 V) or 250 ns (Voo
= 3 V). The period t'L1L should not be
less than the number of tcyc cycles it
takes to execute the interrupt service
routine plus 21 tcyc cycles.

Level-Sensitive Trigger Condition
If after servicing an interrupt the IRQ
remains low, then the next interrupt is
recognized.

service routine. Software in the serial peripheral interrupt
service routine must determine the priority and cause of the
SPI interrupt by examining the interrupt flag bits located in
the SPI status register. The general sequence for clearing
an interrupt is a software sequence of accessing the status
register while the flag is set, followed by a read or write of an
associated register. Refer to SERIAL PERIPHERAL INTER-
FACE section for a description of the SPI system and its
interrupts.

A Port B interrupt will occur when anyone of the eight port
lines (PBO-PB7) is pulled to a low level, provided the inter-
rupt mask bit of the condition code register is clear and the
enable bit (Bit 1) in the Special Port control register (Memo-
ry location $001E) is enabled. Before enabling Port B inter-
rupts, PBOthrough PB7 should be programmed as inputs,
i.e., their corresponding DDR bits must be O.
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A Port B interrupt will set the Port B interrupt flag (PBIF)
located in the Special Port Control/Status register (bit 7).
cause the current state of the machine to be pushed onto
the stack, and set the I-bit in the condition code register.
This masks further interrupts until the present one is ser-
viced. The Port B interrupt causes the Program Counter to
vector to memory locations $1 FF2 and $1 FF3 which contain
the starting address of the interrupt service routine. To clear
a Port B interrupt, the user must read the Special Port
Control/Status register followed by a read of Port B.

The purpose of this interrupt is to provide easy use of the
PBO-PB7 lines as sensor inputs, such as in keyboard scan-
ning. For systems where the keyboard response is not inter-
rupt driven, this interrupt can be disabled. Programming
any of these lines as outputs inhibits them from generating
an interrupt.

Port B interrupts will cause an exit from the stop mode
provided that the Port B interrupt enable bit is set. Port B
interrupt vector is located at $1 FF2, $1 FF3.

+
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STOP Instruction
The STOP instruction places the CDP68HC05D2 in its low-
est power consumption mode. In the STOP mode the inte-
nal oscillator is turned off, causing all internal processing to
be halted; refer to Fig. 10. During the STOP mode, the I bit in
the condition code register is cleared to enable external
interrupts. All other registers and memory remain unaltered
and all input/output lines remain unchanged. This con-
tinues until an external interrupt (mo), port B interrupt,
external timer oscillator interrupt, or reset is sensed, at
which time the internal oscillator is turned on. These inter-
rupts cause the program counter to vector to their respec-
tive interrupt vector locations ($1 FFA and $1 FFB, $1 FF2
and $1 FF3, $1 FF8 and $1 FF9, and $1 FFE and $1 FFF, re-
spectively) which contain the starting addresses of the in-
terrupt service routines.

WAIT Instruction
The WAIT instruction places the CDP68HC05D2 in a low
power consumption mode, but the WAIT mode consumes
somewhat more power than the STOP mode. In the WAIT
mode, the internal clock remains active, and all CPU pro-
cessing is stopped; however, the programmable timer and
serial peripheral interface systems remain active. Refer to
Fig. 10. During the WAIT mode, the I bit in the condition
code register is cleared to enable all interrupts. All other
registers and memory remain unaltered and all parallel in-
put/output lines remain unchanged. This continues until
any interrupt or reset is sensed. At this time the program
counter vectors to the memory location ($1 FF2 through
$1 FFF) which contains the starting address of the interrupt
or reset service routine.

Data Retention Mode
The contents of RAM and CPU registers are retained at
supply voltages as low as 2 Vdc. This is referred to as the
data retention mode, where the data is held, but the device
is not guaranteed to operate.

The programmable timer, which is preceded by a fixed
divide-by-four prescaler, can be used for many purposes,
including input waveform measurements while simultane-
ously generating an output waveform. Pulse widths can
vary from several microseconds to many seconds. A block
diagram of the timer is shown in Fig. 15 and timing diagrams
are shown in Figs. 16 through 19.

Because the timer has a 16-bit architecture, each specific
functional segment (capability) is represented by two regis-
ters. These registers contain the high and low byte of that
functional segment. Generally, accessing the low byte of a
specific timer function allows full control of that function;
however, an access of the high byte inhibits that specific
timer function until the low byte is also accessed.

Note: The I bit in the condition code register should be set while
manipulating both the high and low byte register of a specific timer
function to ensure that an interrupt does not occur. This prevents
interrupts from occurring between the time that the high and low
bytes are accessed.

The programmable timer capabilities are provided by using
the following ten addressable 8-bit registers (note the high
and low represent the significance of the byte). A descrip-
tion of each register is provided in the following pages.

Timer Control Register (TCR) location $12,
Timer Status Register (TSR) location $13,
Input Capture High Register location $14,
Input Capture Low Register location $15,
Output Compare High Register location $16,
Output Compare Low Register location $17,
Counter High Register location $18,
Counter Low Register location $19,
Alternate Counter High Register location $1A, and
Alternate Counter Low Register location $1B.

External Timer Oscillator
In addition to clocking the CDP68HC05D2's internal 16-bit
timer with the CPU clock, a separate oscillator circuit may



be used by connecting an RC or crystal circuit to pins 29
and 30 (TOSC1 and TOSC2). The circuits shown in Figs.
13(b) and 13(c) are recommended when using a crystal.
This oscillator is designed to interface with an AT-cut paral-
lel resonant quartz crystal resonator in the frequency range
specified for f'osein the Control Timing Tables at the end of
this specification. See Fig. 13(a) for the RC circuit.

When not using the external timer oscillator feature these
pins function as input lines. However, once the external
timer oscillator has been enabled, PD1 will become an out-
put only line until the processor is reset.

The EOE (External Oscillator Enable bit 4) and ECC (Exter-
nal Clock Connect bit 3) bits in the Timer Control Register
control the external timer oscillator. If bit 3 (ECC) in the
timer control register is set, the internal clock input to the
timer is disabled and the clock to the timer is connected to
the external timer oscillator. This clock can be either a
crystal or RC oscillator. Since this mode of operation per-
mits the timer to continue running when the CPU is in the
stop mode, timer interrupts, if enabled, will still occur and
can be used to exit from the stop mode. Fig. 14 shows the
timer oscillator controls. The frequency of the external os-
cillator must be less than one-quarter the CPU oscillator
frequency.

The procedures for using this circuit are:

• Crystal Oscillator Operation - First set the EOE bit to
start the crystal oscillating. When oscillation has stabi-
lized, the ECC bit can be set to begin clocking the timer
with the external timer oscillator. This time delay may
vary depending upon crystal frequency and manufac-
turer.

• RC Oscillator Operation - When it is desired to clock the
timer from an RC timer oscillator, set both the EOE and
the ECC bits at the same time in order to keep power
consumption minimal.

• No external timer oscillator being used -If the EOE bit is
never set, the oscillator will remain in its high impedance
state allowing its pins to be used as PDOand PD1 input
lines. In this case, these pins function as normal inputs
and should not be left floating.

• Timer Oscillator used for event counting - Set both the
EOE and ECC bits and drive the timer oscillator input pin
with the event signal which is to be counted. If EOE
remains reset and only ECC is set, the event signal can be
connected to the timer oscillator output pin, and the input
can be used as a Port D input line.

Fig. 13 - External Timer Oscillator Connections

(a) RC Oscillator Connections

TOSCI TOSC2
29 30

Rf

10Nn

COUT1120PF

=-
(b) Crystal Oscillator connections for crystal speeds above
approx. 400 KHz. The C;nand Cou•values may vary depend-
ing upon crystal manufacturer.

TOSC2

30
COUT
39pF

(c) Crystal Oscillator connections for crystal speeds below
approx. 400 KHz. The C;n, C, and R, values shown work well
for most 32.768 KHz crystals; however, sizes may vary de-
pending upon crystal frequency and manufacturer.
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Counter
The key element in the programmable timer is a 16-bit
free-running counter, or counter register, preceded by a
prescaler which divides the internal processor clock by
four. The prescaler gives the timer a resolution of 2.0 micro-
seconds if the internal processor clock is 2.0 MHz. The
counter is clocked to increasing values during the low por-
tion of the internal processor clock. Software can read the
counter at any time without affecting its value.

The double-byte free-running counter can be read from
either of two locations $18-$19 (called counter register at
this location), or $1A-$1 B (counter alternate register at this
location). A read sequence containing only a read of the
least significant byte of the free-running counter ($19, $1 B)
will receive the count value at the time of the read. If a read
of the free-running counter or counter alternate register
first addresses the most significant byte ($18, $1A) it causes
the least significant byte ($19, $1B) to be transferred to a
buffer. This buffer value remains fixed after the first most
significant byte "read" even if the user reads the most signif-
icant byte several times. This buffer is accessed when read-
ing the free-running counter or counter alternate register
least significant byte ($19 or $1B), and thus completes a
read sequence of the total counter value. Note that in read-
ing either the free-running counter or counter alternate
register, if the most significant byte is read, the leastsignifi-
cant byte must also be read in order to complete the se-
quence.

The free-running counter is configured to $FFFC during
reset and is always a read-only register. During a power-on-
reset (POR), the counter is also configured to $FFFC and
begins running after the oscillator startup delay. Because
the free-running counter is 16 bits preceded by a fixed
divide-by-four prescaler, the value in the free-running
counter repeats every 262,144 MPU internal processor
clock cycles. When the counter rolls over from $FFFF to
$0000, the timer overflow flag (TO F) bit is set. An interrupt
can also be enabled when counter rollover occurs by set-
ting its interrupt enable bit (TOlE).

Output Compare Register
The output compare register is a 16-bit register, which is
made up of two 8-bit registers at locations $16 (most signifi-
cant byte) and $17 (least significant byte). The output com-
pare register can be used for several purposes, such as,
controlling an output waveform or indicating when a period
of time has elapsed. The output compare register is unique
in that all bits are readable and writeable and are not altered
by the timer hardware. Reset does not affect the contents of
this register and if the compare function is not utilized, the
two bytes of the output compare register can be used as
storage locations.

The contents of the output compare register are compared
with the contents of the free-running counter once during
every four internal processor clocks. If a match is found, the
corresponding output compare flag (OCF) bit is set and the
corresponding output level (OLVL) bit is clocked (by the
output compare circuit pulse) to an output level register.
The values in the output compare register and the output
level bit should be changed after each successful compari-
son in order to control an output waveform or establish a
new elapsed timeout. An interrupt can also accompany a
successful output compare provided the corresponding in-
terrupt enable bit, OCIE, is set.

After a processor write cycle to the output compare register
containing the most significant byte ($16), the output com-

pare function is inhibited until the least significant byte
($17) is also written. The user must write both bytes (loca-
tions) if the most significant byte is written first. A write
made only to the least significant byte ($17) will not inhibit
the compare function. The free-running counter is updated
every four internal processor clock cycles due to the inter-
nal prescaler. The minimum time required to update the
output compare register is a function of the software pro-
gram rather than the internal program.

A processor write may be made to either byte of the output
compare register without affecting the other byte. The out-
put level (OLVL) bit is clocked to the output level register
regardless of whether the output compare flag (OCF) is set
or clear.

Because neither the output compare flag (OCF bit) nor
output compare register is affected by reset, care must be
exercised when initializing the output compare function
with software. The following procedure is recommended:

(1) Write the high byte of the output compare register to
inhibit further compares until the low byte is written.

(2) Read the timer status register to arm the OCF if it is
already set.

(3) Write the output compare register low byte to enable
the output compare function with the flag clear.

The advantage of this procedure is to prevent the OCF bit
from being set between the time it is read and the write to
the output compare register. A software example is shown
below.

B7 16 STA OCMPHI
B6 13 LDA TSTAT
BF 17 STX OCMPLD

INHIBIT OUTPUT COMPARE
ARM OCF BIT IF SET
READY FOR NEXT COMPARE

Input Capture Register
The two 8-bit registers which make up the 16-bit input
capture register are read-only and are used to latch the
value of the free-running counter after a defined transition
is sensed by the corresponding input capture edge detec-
tor. The level transition which triggers the counter transfer
is defined by the corresponding input edge bit (IEDG).
Reset does not affect the contents of the input capture
register.

The result obtained by an input capture will be one more
than the value of the free-running counter on the rising
edge of the internal processor clock preceding the external
transition (refer to timing diagram shown in Fig. 17). This
delay is required for external synchronization. Resolution is
affected by the prescaler allowing the timer to only incre-
ment every four internal processor clock cycles.

The free-running counter contents are transferred to the
input capture register on each proper signal transition re-
gardless of whether the input capture flag (ICF) is set or
clear. The input capture register always contains the free-
running counter value which corresponds to the most re-
cent input capture.

After a read of the most significant byte of the input capture
register ($14), counter transfer is inhibited until the least
significant byte ($15) of the input capture register is also
read. This characteristic forces the minimum pulse period
attainable to be determined by the time used in the capture
software routine and its interaction with the main program.
A polling routine using instructions such as BRSET, BRA,
LDA, STA, INCX, CMPX, and BEG might take 34 machine
cycles to complete. The free-running counter increments
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transler. Again, minimum pulse periods are ones which
allow software to read the least significant byte ($15) and
perform the needed operations. There is no conflict be-
tween the read of the input capture register and the free-
running counter since they occur on opposite edges of the
internal processor clock.

Timer Control Register (TCR)
The timer control register (TCR. location $12) is an 8-bit
read/write register which contains sevencontrol bits. Three
of these bits control interrupts associated with each of the
three flag bits found in the timer status register (discussed
below). The other four bits control: 1) which edge is signifi-
cant to the input capture edge detector (Le., negative or
positive), 2) the next value to be clocked to the output level
register in response to a successful output compare, 3) the
source of the timer clock, and 4) whether the external timer
oscillator is enabled. The timer control register and the
free-running counter are the only sections of the timer af-
fected by reset.The TCMP pin is forced low during external
reset and stays low until a valid compare changes it to a
high. The timer control register is illustrated below followed
by a definition of each bit.

B7, ICIE If the input capture interrupt enable (ICIE) bit is
set, a timer interrupt is enabled when the ICF
status flag (in the timer status register) is set. If
the ICIE bit is clear, the interrupt is inhibited.
The ICIE bit is cleared by reset.

B6,OCIE If the output compare interrupt enable (OCIE)
bit is set, a timer interrupt is enabled whenever
the OCF status flag is set. If the OCIE bit is clear,
the interrupt is inhibited. The OCIEbit is cleared
by reset.

B5, TOlE If the timer overflow interrupt enable (TOlE) bit
is set, a timer interrupt is enabled whenever the
TOF status flag (in the timer status register) is
set. If the TOlE bit is clear, the interrupt is inhib-
ited. The TOlE bit is cleared by reset.

B4, EOE External Oscillator Enable - If set, the external
timer oscillator is enabled. If it is then cleared,
the inverter between pins 29and 30 is prevented
from switching and cannot be used in a crystal
or RC oscillator. This bit is cleared by reset
which configures both TOSC1 and TOSC2 as
inputs.

B3, ECC If the external clock connect (ECC) is set, the
internal clock input to the timer is disabled and
the timer oscillator is connected to the input to
the timer. It is cleared by reset. Accuracy of the
timer count is not guaranteed while this bit is
switched.

B1,IEDG The value of the input edge (IEDG) bit deter-
mines which level transition on pin 37 will
trigger a free-running counter transfer to the
input capture register. Reset clears the IEDG
bit.

o = negative edge
1 = positive edge

- -..- ..... -,..,... .........•..• ~
pin 35. This bit and the output level register are
cleared by reset.

o = low output
1 = high output

Timer Status Register (TSR)
The timer status register (TSR) is an 8-bit register of which
the three most significant bits contain read-only status in-
formation. These three bits indicate the following:

1. A proper transition has taken place at pin 37 with an
accompanying transfer of the free-running counter con-
tents to the intput capture register, '

2. A match has been found between the free-running coun-
ter and the output compare register, and

3. A free-running counter transition from $FFFF to $0000
has been sensed (timer overflow)

The timer status register is illustrated below followed by a
definition of each bit. Refer to timing diagrams shown in
Fig. 16,17,and 18for timing relationship to the timer status
register bits.

B7, ICF The input capture flag (ICF) isset when a proper
edge has been sensed by the input capture edge
detector. It is cleared by a processor read of the
timer status register (with ICF set) followed by
reading the low byte ($15) of the input capture
register. Reset does not affect the input com-
pare flag.

B6, OCF The output compare flag (OCF) is set when the
output compare register contents matches the
contents of the free-running counter. The OCF
is cleared by reading the timer status register
(with the OCF set) and then writing to the low
byte ($17) of the output compare register. Reset
does not affect the output compare flag.

B5, TOF The timer overflow flag (TOF) bit is set by a
transition of the free-running counter from
$FFFF to $0000. It is cleared by reading the
timer status register (with TOF set) followed by
a read of the free-running counter least signifi-
cant byte ($19). Reset does not affect the TOF
bit.

Reading the timer status register satisfies the first condition
required to clear any status bits which happened to be set
during the access. The only remaining step is to provide an
access olthe register which isassociated with the status bit.
Typically, this presents no problem for the input capture
and output compare functions.

A problem can occur when using the timer overflow func-
tion and reading the free-running counter at random times
to measure an elapsed time. Without incorporating the
proper precautions into software, the timer overflow flag
could unintentionally be cleared if: 1) the timer status regis-
ter is read when TOF is set, and 2) the least significant byte
of the free-running counter is read but not for the purpose
of servicing the flag. The counter alternate register at
address $1A and $1B contains the same value as the free-
running counter (at address $18 and $19); therefore, this



alternate register can be read at any time without affecting
the timer overflow flag in the timer status register.

During STOP and WAIT instructions, the programmable
timer functions asfollows if using the CPU clock: during the
wait mode, the timer continues to operate normally and may
generate an interrupt to trigger the CPU out of the wait

state; during the stop mode, the timer holds at its current
state, retaining all data, and resumes operation from this
point when an external interrupt is received. If using an
external timer oscillator the timer will continue to count and
generate interrupts.

Serial Peripheral Interface (SPI)
The Serial Peripheral Interface (SPI) is a four wire syn-
chronous serial communication system with separate
wires for input data, output data, clock and slave select. A
master MCU, which produces the clocking signal, initiates
the exchange of data bytes with a slave MCU or peripheral
device such as an LCD display driver or an A/D converter.
A diagram of the control, status, and data registers may be
found in the section labelled "Registers". The SPI system
registers are found at addresses $OOOA-$OOOC.The SPI
output drivers may be switched off to allow the user ac-
cess to external pins for use as parallel inputs to Port D.
Upon power-up or reset the SPI output drivers will be
initialized in the off state. The serial system enable bit
which controls the output drivers and other functional
inhibits is the SPE bit found in the serial control register.

Fig. 20 illustrates two different system configurations. Fig.
20a represents a system of five different MCUs in which
there are one master and four slaves (0, 1, 2, 3). In this
system four basic lines (signals) are required forthe MOSI
(master out, slave in), MISO (master in, slave out), SCK
(serial clock), and S'S (slave select) lines. Fig. 20b repre-
sents a system of three MCUs in which each MCU is
capable of being a master or a slave. The SPI interface is
well-suited for multiprocessor communications.

Features
• Full duplex, three-wire synchronous transfers
• Master or slave operation
• 1.05 MHz (maximum) master bit frequency
• 2.1 MHz (maximum) slave bit frequency
• Four programmable master bit rates
• Programmable clock polarity and phase
• End of transmission interrupt flag
• Write collision flag protection
• Master-Master mode fault protection capability

Signal Description
The four basic signals (MOSI, MISO, SCK, and S'S) dis-
cussed above are described in the following paragraphs.
Each signal function is described for both the master and
slave mode.

Master Out Slave In (MOSI)
The MOSI pin is configured as a data output in a master
(mode) device and asa data input in a slave (mode) device.
In this manner data is transferred serially from a masterto
a slave on this line; most significant bit first, least signifi-
cant bit last. The timing diagrams of Fig. 21summarize the
SPI timing diagram and show the relationship between
data and clock (SCK). As shown in Fig. 21 four possible
timing relationships may be chosen by using control bits
CPOL and CPHA. The master device always allows data to
be applied on the MOSlline a half-cycle before the clock
edge (SCK) in order for the slave device to latch the data.

Note: Both the slave device(s) and a master device must be pro-
grammed to similar timing modes for proper data transfer.

When the master device transmits data to a second (slave)
device via the MOSI line, the slave device responds by send-
ing data to the master device via the MISO line. This implies
full duplex transmission with both data out and data in syn-
chronized with the same clock signal (one which is provided
by the master device). Thus, the byte transmitted is replaced
by the byte received and eliminates the need for separate
transmit-empty and receiver-full status bits. A single status
bit (SPIF)is used to signify that the I/O operation is complete.

Configuration of the MOSI pin is a function of the MSTR
bit in the serial peripheral control register (SPCR, loction
$OA). Setting the MSTR bit will place the device in the
Master mode and cause the MOSI pin to be an output.

Note: The Port D Data Direction Register bit 3 must be set for the
MOSI pin to transfer data in the Master mode.

Master In Slave Out (MISO)
The MISO pin is configured asan input in a master (mode)
device and as an output in a slave (mode) device. In this
manner data is transferred serially from a slave to a master
on this line; most significant bit first, least significant bit
last. The MISO pin of a slave device is placed in the high-
impedance state if it is not selected by the master; i.e., its
SS pin is a logic one. The timing diagram of Fig. 21shows
the relationship between data and clock (SCK). As shown
in Fig.21, four possible timing relationships may be
chosen by using control bits CPOL and CPHA. The master
device always allows data to be applied on the MOSIline a
half-cycle before the clock edge (SCK) in order for the
slave device to latch the data.

Note: The slave device (s) and a master device must be pro-
grammed to similar timing modes for proper data transfer.

When the master device transmits data to a slave device
via the MOSI line, the slave device responds by sending
data to the master device via the MISO line. This implies
full duplex transmission with both data out and data in
synchronized with the same clock signal (one which is
provided by the master device). Thus, the byte transmitted
is replaced by the byte received and eliminates the need
for separate transmit-empty and receiver-full status bits. A
single status bit (SPIF) in the serial peripheral status regis-
ter (SPSR, location SOB) is used to signify that the I/O
operation is complete.

In the master device, the MSTR control bit in the serial
peripheral control register (SPCR, location $OA)is set to a
logic one (by the program) to allow the master device to
receive data on its MISO pin. In the slave device, its MISO
pin is enabled by the logic level of the SS pin; i.e., if 88=1
then the MISO pin is placed in the high-impedance state,
whereas, if SS=Othe MISO pin is an output for the slave
device.

Note: The Port D Data Direction Register bit 2 must be set forthe
MISO pin to transfer data in the slave mode.

rn0:
O~0:..J
00_0:== •..

Zoo



CD68HC05D2 SLAVE 0

MISO

MOSI MISO SCK_I

SCK
MOSI 55

SS -VDD

CD68HC05~
MASTER_

0p
0

1R
T

2

3 r--

I rI~MOSI 55 II MOSI SS MOSI SS

MISO SCK MISO SCK MISO SCK

CD68HC05D2 SLAVE 3 CD68HC05D2 SLAVE 2 CD68HC05D2 SLAVE 1

~~~~ ... ~

<> <> < <
<> • > • > <>•> •

MASTER MASTER MASTER
No.1 No.2 No.3

MISO MISO MISO
MOSI MOSI MOSI
SCK - f---4 SCK - SCK ~

SS - SS - SS I--

CDP6805D2 CDP6805D2 CDP6805D2

(b) Multimaster System

Fig. 20 - Master-Slave System Configuration



ss l
SCK

(CPOL-O, CPHA- 01

S CK

(CPOL - 0, CPHA -I)

SCK

(CPOL- I,CPHA-O

SCK

(CPOL- I,CPHA-I)

104 ISOI

~MOSI

MSB 6

_________ r;

-------~

Slave Select (SS)
In the slave mode the slave select (SS) pin is an input (PD5,
pin 34). which receivesan active low signal that isgenerated
by the master device to enable slave device(s) to accept
data. To ensure that data will beaccepted by aslave device,
the ~ signal line must bea logic low prior to occurrence of
SCK (system clock) and must remain low until after the last
(eighth) SCK cycle. Fig. 21 illustrates the relationship be-
tween SCK and the data for two different level combinations
of CPHA, when SSis pulled low. These are: 1)with CPHA=1
of 0, the first bit of data is applied to the MISO line for
transfer, and 2) when CPHA = 0 the slave device is prevent-
ed from writing to its data register. Referto the WCOl status
flag in the serial peripheral status register (location SOB)
description for further information on the effects that the SS
input and CPHA control bit have on the I/O data register. A
high level SS signal forces the MISO (master in, slave out)
line to the high-impedance state. Also, SCK and the MOSI
(master out, slave in) line are ignored by a slave device
when its SS signal is high.

When a device is a master, it monitors its SS signal for a
logic low, provided that Port D bit 5 is cleared. See Note.
The master device will become a slave device any time its
SS signal is detected low. This ensures that there isonly one
master controlling the SS line for a particular system. When
the SS line is detected low, it clears the MSTR control bit
(serial peripheral control register, location $OA).Also, con-
trol bit SPE in the serial peripheral control register is
cleared which causes the serial peripheral interface (SPI) to
be disabled (port D SPI pins become inputs). The MODF

flag bit in the serial peripheral status register (location SOB)
is also set to indicate to the master device that another
device is attempting to become a master. Two devices at-
tempting to be outputs are normally the result of a software
error; however, a system could be configured which would
contain a default master which would automatically "take
over" and restart the system.

Note: In the master mode Port ODOR bit 5 determines whether Port
Obit 5 (!rn) is an error detect input to the SPI (OOR bit 5 clear) or a
general-pu!E.0se output line (OOR bit 5 set), that can be used to
strobe the SS lines of slaves.

Serial Clock (SCK)
The serial clock is used to synchronize the movement of
data both in and out of the device through its MOSI and
MISO pins. The master and slave devices are capable of
exchanging a data byte of information during a sequence of
eight clock pulses. Since the SCK is generated by the mas-
ter device, the SCK line becomes an input on all slave
devices and synchronizes slave data transfer. The type of
clock and its relationship to data are controlled by the
CPOl and CPHA bits in the serial peripheral control regis-
ter (location $OA) discussed below. Refer to Fig. 21 for
timing.

The master device generates the SCK through a circuit
driven by the internal processor clock. Two bits (SPROand
SPR1) in the serial peripheral control register (location
$OA)of the master device select the clock rate. The master
device usesthe SCK to latch incoming slave device data on
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same timing mode as controlled by the CPOL and CPHA bit
in the serial peripheral control register. In the slave device.
SPROand SPR1have no effect on the operation of the Serial
Peripheral Interface. Timing is shown in Fig. 21.

Note: The Port D Data Direction Register bit 4 must be set for the
SCK pin to generate (output) a SCK signal.

Functional Description
A block diagram of the serial peripheral interface (SPI) is
shown in Fig. 22. In a master configuration the master start
logic receives an input from the CPU (in the form of a write
to the SPI rate generator) and originates the system clock
(SCK) based on the internal processor clock. This clock is
also used internally to control the state controller as well as
the a-bit shift register. As a master device. data is parallel
loaded into the a-bit shift register (from the internal bus)
during a write cycle and then shifted out serially to the
MOSI pin for application to the slave device(s). During a
read cycle, data is appl ied serially from aslave device via the
MISO pin to the a-bit shift register. After the a-bit shift

during a CPU read cycle.

In a slave configuration, the slave start logic receives a logic
low (from a master device) at the st; pin and a system clock
input (from the same master device) at the SCK pin. Thus,
the slave is synchronized with the master. Data from the
master is received serially at the slave MOSI pin and loads
the a-bit shift register. After the a-bit shift register is loaded.
its data is parallel transferred to the read buffer and then is
made available to the internal data bus during a CPU read
cycle. During a write cycle. data is parallel loaded into the
a-bit shift register from the internal data bus and then shift-
ed out serially to the MISO pin for application to the master
device.
Fig. 23 illustrates the MOSI. MISO. and SCK master-slave
interconnections. Note that in Fig. 23 the master SSpin is
tied to a logic high and the slave ~ pin is a logic low. Fig. ,
21a provides a larger systeflJ connection for these same
pins. Note that in Fig. 20(a}. all SS pins are connected to a
port pin of a master/slave device. In this case any of the
devices can be a slave.

NOTES:
THE 55. SCK, MOSI. AND MISO ARE EXTERNAL PINS WHICH PROVIDE THE
FOLLOWING FUNCTIONS:
(a) MOSI-PROVIDES SERIAL OUTPUT TO SLAVE UNIT{S) WHEN DEVICE IS

CONFIGURED AS A MASTER. RECEIVES SERIAL INPUT FROM MASTER
UNIT WHEN DEVICE IS CONFIGURED AS A SLAVE UNIT.

(b) MISO-RECEIVES SERIAL INPUT FROM SLAVe UNIT(S) WHEN OEVICE IS
CONFIGURED AS A MASTER. PROVIDES SERIAL OUTPUT TO MASTER
WHEN DEVICE IS CONFIGURED AS A SLAVE UNIT.

(e) SCK ·PROVIDES SYSTEM CLOCK WHEN DEVICE IS CONFIGURED AS A
MASTER UNIT. RECEIVES SYSTEM CLOCK WHEN DeVICE IS CON-
FIGURED AS A SLAVE UNIT.

(d) 55 ·PROVIDES A LOGIC LOW TO SELECT A SLAVE DEVICE FOR A
TRANSFER WITH A MASTER DEVICE.
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Registers
There are three registers in the serial parallel interface
which provide control, status, and data storage functions.
These registers, which include the serial peripheral control
register (SPCR, location $OA), serial peripheral status regis-
ter (SPSR, location $OB), and serial peripheral data I/O
register (SPDR, location $OC) are described below.

Note: In addition, the Port D Data Direction Register (DDR) must be
properly configured. See note in the section labelled "Input/Output
Programming-Special-Purpose Port".

The serial peripheral control register bits are defined as
follows:

B7, SPIE When the serial peripheral interrupt enable bit
is high, it allows the occurrence of a processor
interrupt, and forces the proper vector to be
loaded into the program counter if the serial
peripheral status register flag bit (SPIF and/or
MODF) is set to a logic one. It does not inhibit
the setting of a status bit. The SPIE bit is
cleared by reset.

B6, SPE When the serial peripheral output enable con-
trol bit is set, all output drive is applied to the
external pins and the system is enabled. When
the SPE bit is set, it enables the SPI system by
connecting it to the external pins thus allowing
it to interface with the external SPI bus. The
pins that are defined as output depend on
which mode (master or slave) the device is in.
Because the SPE bit is cleared by reset, the
SPI system is not connected to the external
pins upon reset.

B5, DWOM The Port D Wire-OR Mode bit controls the
output buffers for Port D bits 2 through 5. If
DWOM=1, the four Port D output buffers be-
have as open-drain outputs. If DWOM=O, the
four Port D output buffers operate as normal
CMOS outputs. DWOM is cleared by reset.

The master bit determines whether the device
is a master or a slave. If the MSTR bit is a logic
zero it indicates a slave device and a logic one
denotes a master device. If the master mode is
selected, the function of the SCK pin changes
from an input to an output and the function of
the MISO and MOSI pins are reversed. This
allows the user to wire device pins MISO to
MISO, and MOSI to MOSI and SCK to SCK
without incident. The MSTR bit is cleared by
reset; therefore, the device is always placed in
the slave mode during reset.

The clock polarity bit controls the normal or
steady state value of the clock when data is not
being transferred. The CPOl bit affects both
the master and slave modes. It must be used in
conjunction with the clock phase control bit
(CPHA) to produce the wanted clock-data re-
lationship between a master and a slave de-
vice. When the CPOl bit is a logic zero, it
produces a steady state low value at the SCK
pin of the master device. If the CPOl bit is a
logic one, a high value is produced at the SCK
pin of the master device when data is not being
transferred. The CPOl bit is not affected by
reset. Refer to Fig. 21.

The clock phase bit controls the relationship
between the data on the MISO and MOSI pins
and the clock produced or received at the SCK
pin. This control has effect in both the master
and slave modes. It must be used in conjunc-
tion with the clock polarity control bit (CPOl)
to produce the wanted clock-data relation.
The CPHA bit in general selects the clock edge
which captures data and allows it to change
states. It has its greatest impact on the first bit
transmitted (MSB) in that it does or does not
allow a clock transition before the first data
capture edge. The CPHA bit is not affected by
reset. Refer to Fig. 21.

These two serial peripheral rate bits select one
of four baud rates to be used as SCK if the
device is a master; however, they have no ef-
fect in the slave mode. The slave device is

B1, SPR1
BO, SPRO
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capable of shifting data in and out at a maxi-
mum rate which is equal to the CPU clock
(maximum = 2.1 MHz). A rate table is given
below for the generation of the SCK from the
master. The SPR1 and SPRObits are not af-
fected by reset.

Internal Processor
SPR1 SPRO Clock Divide By

0 0 2
0 1 4
1 0 16
1 1 32

The status flags which generate a serial peripheral interface
(SPI) interrupt will not be blocked by the SPIE control bit in
the serial peripheral control register; however, the interrupt
will be blocked. The WCOl bit does not cause an interrupt.
The serial peripheral status register bits are defined as
follows:

B7, SPIF The serial peripheral data transfer flag bit noti-
fies the user that a data transfer between the
device and an external device has been com-
pleted. With the completion of the data
transfer, SPIF is set, and if SPIE is set, a serial
peripheral interrupt (SPI) is generated. During
the clock cycle that SPIF is being set, a copyof
the received data byte in the shift register is
moved to a buffer. When the data register is
read, it is the buffer that is read. During an
overrun condition. when the master device has
sent several bytes of data and the slave device
has not responded to the first SPIF. only the
first byte sent is contained in the receiver
buffer and all other bytes are lost.

The transfer of data is initiated by the master
device writing its serial peripheral data
register.

Clearing the SPIF bit is accomplished by a
software sequence of accessing the serial pe-
ripheral status register while SPIF is set and
followed by a write to or a read of the serial
peripheral data register. While SPIF is set, all
writes to the serial peripheral data register are
inhibited until the proper clearing sequence is
followed. This occurs in the master device. In
the slave device. SPIF can be cleared (using a
similar sequence) during a second transmis-
sion; however, it must be cleared before the
second SPIF in order to prevent an overrun
condition. The SPIF bit is cleared by reset.

B6, WCOl The function of the write collision status bit is
to notify the user that an attempt was made to
write the serial peripheral data register while a
data transfer was taking place with an external
device. The transfer continues uninterrupted;
therefore, a write will be unsuccessful. A "read
collision" will never occur since the received
data byte is placed in a buffer in which access
is always synchronous with the MCU opera-

tion. If a "write collision" occurs, WCOl is set
but no SPI interrupt is generated. The WCOl
bit is a status flag only.

Clearing the WCOl bit is accomplished by a
software sequence of accessing the serial pe-
ripheral status register while WCOl is set, fol-
lowed by 1) a read of the serial peripheral data
register prior to the SPIF bit being set. or 2) a
read or write of the serial peripheral data regis-
ter after the SPIF bit is set. A write to the serial
peripheral data register (SPDR) prior to the
SPIF bit being set. will result in generation of
another WCOl status flag. Both the SPIF and
WCOl bits will be cleared in the same se-
quence. If a second transfer has started while
trying to clear (the previously set) SPIF and
WCOl bits with a clearing sequence contain-
ing a write to the serial peripheral data regis-
ter, only the SPIF bit will be cleared.

A collision of a write to the serial peripheral
data register while an external data transfer is
taking place can occur in both the master
mode and the slave mode, although with the
proper programming the master device should
have sufficient information to preclude this
collision.

Collision in the master device is defined as a
write of the serial peripheral data register
while the internal rate clock (SCK) is in the
process of transfer. The signal on the SS pin is
always high on the master device.

A collision in a slave device is defined in two
separate modes. One problem arises in a slave
device when the CPHA control bit is a logic
zero. When CPHA is a logic zero. data is
latched with the occurrence of the first clock
transition. The slave device does not have any
way of knowing when that transition will occur;
therefore, the slave device collision occurs
when it attempts to write the serial peripheral
data register after its ~ pin has been pulled
low. The ~ pin of the slave device freezes the
data in its serial peripheral data register and
does not allow it to be altered if the CPHA bit is
a logic zero. The master device must raise the
S'S pin of the slave device high between each
byte it transfers to the slave device.

The second collision mode is defined for the
state of CPHA control bit being a logic one.
With the CPHA bit set, the slave device will be
receiving a clock (SCK) edge prior to the latch
of the first data transfer. This first clock edge
will freeze the data in the slave device I/O reg-
ister and allow the MSB onto the external
MISO pin of the slave device. The SS pin low
state enables the slave device but the drive
onto the MISO pin does not take place until the
first data transfer clock edge. The WCOl bit
will only be set if the I/O register is accessed
while a transfer is taking place. By definition of
the second collision mode, a master device
might hold a slave device SS pin low during
a transfer of several bytes of data without a
problem.

A special case of WCOl occurs in the slave
device. This happens when the master device



starts a transfer sequence (an edge of SCK for
CPHA=1; or an active SS transition for
CPHA=O) at the same time the slave device
CPU is writing to its serial peripheral interface
data register. In this case it is assumed that the
data byte written (in the slave device serial
peripheral interface) is lost and the contents of
the slave device read buffer become the byte
that is transferred. Because the master device
receives back the last byte transmitted, the
master device can detect that a fatal WCOl
occurred.

Because the slave device is operating asynch-
ronously with the master device, the WCOl bit
may be used as an indicator of a collision oc-
currence. This helps alleviate the user from a
strict real-time programming effort. The
WCOl bit is cleared by reset.

Bit 4 MODF The function of the mode fault flag (MODF) is
defi ned for the master mode device. If the de-
vice is a slave device, the MODF bit will be
prevented from toggling from a logic zero to a
logic one; however, this does not prevent the
device from being in the slave mode with the
MODF bit set. The MODF bit is normally a
logic zero and is set only when the master
device has its SS pin pUlled low. Toggling the
MODF bit to a logic one affects the internal
serial peripheral interface (SPI) system in the
following ways:

1. MODF is set and SPI interrupt is generated
if SPIE=1.

2. The SPE bit is forced to a logic zero. This
blocks all output drive from the device, dis-
abled the SPI system.

3 .The MSTR bit is forced to a logic zero, thus
forcing the device into the slave mode.

Clearing the MODF is accomplished by a
software sequence of accessing the serial pe-
ripheral status register while MODF is set fol-
lowed bya write to the serial peripheral control
register. Control bits SPE and MSTR may be
restored to their original set state during this
clearing sequence or after the MODF bit has
been cleared. Hardware does not allow the
user to set the SPE and MSTR bit while MODF
is a logic one unless it is during the proper
clearing sequence. The MODF flag bit indi-
cates that there might have been a multi-mas-
ter conflict for system control and allows a
proper exit from system operation to a reset or
default system state. The MODF bit is cleared
by reset.

The serial peripheral data I/O register is used to transmit
and receive data on the serial bus. Only a write to this
register will initiate transmission/reception of another byte
and this will only occur in the master device. A slave device
writing to its data I/O register will not initiate a transmission.
At the completion of transmitting a byte of data, the SPIF
status bit is set in both the master and slave devices. A write

or read of the serial peripheral data I/O register, after ac-
cessing the serial peripheral status register with SPIF set,
will clear SPIF.

During the clock cycle that the SPIF bit is being set, a copy
of the received data byte in the shift register is being moved
to a buffer. When the user reads the serial peripheral data
I/O register, the buffer is actually being read. During an
overrun condition, when the master device has sent several
bytes of data and the slave device has not internally re-
sponded to clear the first SPIF, only the first byte is con-
tained in the receive buffer of the slave device; all others are
lost. The user may read the buffer atanytime. Thefirst SPIF
must be cleared by the time a second transfer of data from
the shift register to the read buffer is initiated or an overrun
condition will exist.

A write to the serial peripheral data I/O register is not buf-
fered and places data directly into the shift register for
transmission.

The ability to access the serial peripheral data I/O register is
limited when a transmission is taking place. It is important
to read the discussion defining the WCOl and SPIF status
bits to understand the limits on using the serial peripheral
data I/O register.

Serial Peripheral Interface (SPI)
System Considerations

There are two types of SPI systems: single master system
and multi-master systems. Figure20 illustrates both of
these systems and a discussion of each is provided below.

Figure 20 a illustrates how a typical single master system
may be configured, using a CDP6805 CMOS Family device
as the master and four CDP6805 CMOS Family devices as
slaves. As shown, the MOSI, MISO, and SCK pins are all
wired to equivalent pins on each of the five devices. The
master device generates the SCK clock, the slave devices all
receive it. Because the CDP6805 CMOS master device is the
bus master, it internally controls the function of its MOSI
and MISO lines, thus writing data tothe slave devices on the
MOSI and reading data from the slave devices on the MISO
lines. The master device selects the individual slave devices
by using four pins of a parallel port to control the four ~
pins of the slave devices. A slave device is selected when the
master device pulls its ~ pin low. The ~ pins are pulled
high during reset because the master device ports will be
forced to be inputs at that time, thus disabling the slave
devices. Notice that the slave devices do not have to be
enabled in a mutually exclusive fashion except to prevent
bus contention on the MISO line. For example, three slave
devices enabled for a transfer are permissible if only one
has the capability of being read by the master. An example
of this is a write to several display drivers to clear a display
with a single I/O operation. To ensure that proper data
transmission is occurring between the master device and a
slave device, the master device may have the slave device
respond with a previously received data byte (th is data byte
could be inverted or at least be II byte that is different from
the last one sent by the master device). The master device
will always receive the previous byte back from the slave
device if all MISO and MOSI lines are connected and the
slave has not written to its data I/O register. Other transmis-
sion security methods might be defined using ports for
handshake lines or data bytes with command fields.

A multi-master system may also be configured by the user.
A system of this type is shown in Figure 20b. An exchange of
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master control could be implemented by an exchange of
code messages through the serial peripheral interface sys-
tem. The major device control that plays a part in this sys-
tem is the MSTR bit in the serial peripheral control register
and the MOOF bit in the serial peripheral status register.

Note that the OWOM bit would also be set to prevent bus
contention. For additional information on this configura-
tion and SPI in general, refer to RCAApplication Note ICAN
7264 entitled "Versatile Serial Protocol for a Microcom-
puter-Peripheral Interface."

Effects of Stop and Wait Modes on the
Timer and Serial System

The STOP and WAIT instructions have different effects on
the programmable timer and serial peripheral interface
(SPI) system. These different effects are discussed sepa-
rately below.

Stop Mode
When the processor executes the STOP instruction, the
internal oscillator is turned off. This halts all internal CPU
processing and the serial peripheral interface. The pro-
grammable timer will only continue to count if an external
timer oscillator is used. The only way for the MCU to "wake
up" from the stop mode is by receipt of an external interrupt
(logic low on mo pin). an external timer oscillator interrupt,
a Port 8 interrupt or by the detection of a reset (logic low on
IiESIT pin or a power-on reset). The effects of the stop
mode on each of the MCU systems (Timer and SPI) are
described separately.

Timer During Stop Mode
When the MCU enters the STOP mode, the timer will con-
tinue to count and generate interrupts if using an external
timer oscillator. If using the CPU clock to clock the timer,
the timer counter stops counting (the internal processor
clock is stopped) and remains at that particular count value
until the stop mode is exited by an interrupt (if exited by
reset the counter is forced to $FFFC). If the stop mode is
exited by an external low on the mo pin, then the counter
resumes from its stopped value as if nothing had happened.
Another feature of the programmable timer, in the stop
mode, is that if at least one valid input capture edge occ,urs
at the TCAP pin, the input capture detect circuitry isarmed.
This action does not set any timer flags or "wake up" the
MCU, but when the MCU does "wake up" there will be an
active input capture flag (and data) from that first valid edge
which occurred during the stop mode. If the stop mode is
exited by an external reset (logic low on RESET pin). then
no such input capture flag or data action takes place even if
there was a valid input capture edge (at the TCAP pin)
during the MCU stop mode.

SPI During Stop Mode
When the MCU enters the stop mode, the baud rate gener-
ator which drives the SPI shuts down. This essentially stops

all master mode SPI operation, thus the master SPI is un-
able to transmit or receive any data. If the STOP instruction
is executed during an SPI transfer, that transfer is halted
until the MCU exits the stop mode (provided it is an exit
resulting from a logic low on the iRQ pin). If the stop mode
is exited by a reset, then the appropriate control/status bits
are cleared and the SPI is disabled. If the device is in the
slave mode when the STOP instruction is executed, the
slave SPI will still operate. It can still accept data and clock
information in addition to transmitting its own data back to
a master device.
At the end of a possible transmission with a slave SPI in the
STOP mode, no flags are set until a logic low rnn input
results in an MCU "wake up". Caution should be observed
when operating the SPI (as a slave) during the stop mode
because none of the protection circuitry (write collision,
mode fault, etc.) is active.

It should also be noted that when the MCU enters the stop
mode all enabled output drivers (TOO,TCMP, MISO, MOSI,
and SCK ports) remain active and any sourcing currents
from these outputs will be part of the total supply current
required by the device.

Wait Mode
When the MCU enters the wait mode, the CPU clock is
halted. All CPU action is suspended; however, the timer and
SPI systems remain active. In fact an inte~t from the
timer or SPI (in addition to a logic low on the mo or RESEi
pins or a Port 8 interrupt, if enabled) causes the processor
to exit the wait mode. Since the three systems mentioned
above operate asthey do in the normal mode, only a general
discussion of the wait mode is provided below.

The wait mode power consumption depends on how many
systems are active. The power consumption will be highest
when all the systems (timer, TCMP and SPI) are active. The
power consumption will be the least when the SPIsystem is
disabled (timer operation cannot be disabled in the wait
mode). If a non-reset exit from the wait mode is performed
(i.e., timer overflow interrupt eXit), the state of the remain-
ing systems will be unchanged. If a reset exit from the wait
mode is performed all the systems revert to the disabled
reset state.



Ratings Symbol Value Unit
Supply Voltage Voo -0.5 to +7.0 V
Input Voltage Vin Vss-0.5 to Voo +0.5 V
Current Drain Per Pin Excluding Vooand Vss I 25 mA
Operating Temperature Range TA

-40 to +125 °C

Storage Temperature Range T.t• -65 to +150 °C

Characteristics Symbol Value Unit
Thermal Resistance
Ceramic 8JA 50 °CIW
Plastic 100
Plastic Chip Carrier 70

Pins R1 R2 C
PAO-PAl. 3.26 kO 2.38 kO 50 pF
PBO-PB7.
PCO-PC7.
PD6

PD1-PD4 1.9 kO 2.26 kO 200 of TEST
POINT

Pins R1 R2 C
PAO-PAl. 10.91 kO 6.32 kO 50 pF
PBO-PB7,
PCO-PC?,
PD6

PD1-PD4 6kO 6kO 200 of

This device contains circuitry to protect the inputs against
damage due to high static voltages of electric fields; how-
ever, it is advised that normal precautions be taken to avoid
application of any voltage higher than maximum rated volt-
ages to this high impedance circuit. For proper operation it
is recommended that V," and Voutbe constrained to the
range Vss"5(V;" or Vout)"5Voo.Reliability of operation is en-
hanced if unused inputs except OSC2 are connected to an
appropriate logic voltage level (e.g.• either Vss or Voo).

C
(SEE

TABLE)

R2
(SEE TABLE)

RI
(SEE TABLE)

Power Considerations
The average chip-junction temperature, TJ• in °C can be
obtained from:

TJ = TA + (Poo8JA) (1)
Where:

TA = Ambient Temperature, °C
8JA = Package Thermal Resistance. Junction-
to-Ambient. °C/W
Po = P,NT+ P'iO
P'NT= IceX Vec•Watts - Chip Internal Power
P'iO= Power Dissipation on Input and Output
Pins - User Determined

For most applications P,iO< P'NTand can be neglected.

An approximate relationship between Po and TJ (if P,iOis
neglected is:

Po = K + (TJ + 273°C) (2)

Solving equations 1 and 2 for K gives:
K = Poo(TA + 273°C) + 8JAoPo2 (3)

Where K is a constant pertaining to the particular part. K can
be determined from equation 3 by measuring Po(at equilibri-
um) for a known TA• Using this value of K the values of Po
and TJ can be obtained by solving equations (1) and (2)
iteratively for any value of TA.
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DC ELECTRICAL CHARACTERISTICS (Voo = 5.0 Vdc ± 10%, Vss = 0 Vdc,
TA = -40°C to +125°C unless otherwise noted)

Limits
Characteristic Symbol Min Typ Max Unit

Output Voltage, ILoAo:S 10.0 pA VOL - - 0.1 V
VOH Voo-0.1 - - V

Output High Voltage
(leoa. = 0.8 mAl PAO-PAl, PSO-PS7, PCO-PC7, TCMP VOH Voo-0.8 - - V
(leoa. = 1.6 mAl PD1-PD4 VOH Voo-0.8 - - V

Output Low Voltage
(ILoa• = 1.6 mAl PAO-PAl, PSO-PS7, PCO-PC7, PD2-PD5, TCMP VOL - - 0.4 V

Input High Voltage
PAO-PA7, PSO-PS7, PCO-PC7, PDO-PD5, PD7, TCAP, 11m, RESET, OSC1 V'H 0.7 x Voo - Voo V

Input Low Voltage
PAO-PA7, PSO-PS7, PCO-PC7, PDO-PD5, PD7, TCAP, mo, RESET, OSC1 V'L Vss - 0.2 x Voo V

Total Supply Current (CL = 50 pF on Ports, no dc Loads, t"e = 500 ns,
(V'L = 0.2 V, V'H = Voo - 0.2V) No external timer oscillator.

RUN 100 - 3.5 7 mA
WAIT (See Note) 100 - 1.6 4 mA
STOP (See Note) 100 - 2 250 pA

Total Supply Current (CL = 50 pF on Ports, no dc Loads, teye= 500 ns,
(V'L = 0.2 V, V'N = Voo - 0.2V) 32.768 KHz external timer
crystal oscillator for circuit as shown in Fig. 13(c).

RUN 100 - 4 8 mA
WAIT (See Note) 100 - 2.1 5.5 mA
STOP (See Note) 100 - 0.5 1 mA

I/O Ports Hi-Z Leakage Current
PAO-PA7, PSO-PS7, PCO-PC7, PD1-PD5 I'L - - ±10 pA

Input Current
~, 11m, TCAP, OSC1, PDO, PD7 I" - - ±1 pA

Capacitance
~E~Ha~~ut or output) Cout - - 12 pF

,I , TCAP, OSC1, PDO-PD5, PD7 Cin - - 8 pF

NOTE: Measured under the following conditions:
1. All ports are configured as input, V'L = 0.2 V, V,H = Voo - 0.2 V.
2. No load on TCMP, CL = 20 pF on OSC2.
3. OSC1 is a square wave with V,L = 0.2 V, V,H= Voo - 0.2 V.
4. SPE =0
5. Typical values at midpoint of voltage range, +250C only.



DC ELECTRICAL CHARACTERISTICS (Voo = 3.3 Vdc ± 10%, Vss = 0 Vdc,
TA = -40°C to +125°C unless otherwise noted)

Limits
Characteristic Symbol Mln Typ Max Unit

Output Voltage, kOAO:O;10.0 IJA VOL - - 0.1 V
VOM Voo-O.l - - V

Output High Voltage
(ILo•• = 0.2 mAl PAO-PA7, PBO-PB7, PCo-PC7, TCMP, PD5 Vo>< Voo-0.3 - - V
(ILOad= 0.4 mAl PD1-PD4 Vo>< Voo-Q.3 - - V

Output Low Voltage
(IL~. = 0.4 mAl PAO-PA7, PBO-PB7, PCO-PC7, PD2-PD5, TCMP VOL - - 0.3 V

Input High Voltage
PAD-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, TR'O, ~, OSCl V,H 0.7 x Voo - Voo V

Input Low Voltage
PAD-PA7, PBO-PB7, PCO-PC7, POO-P05, P07, TCAP, iRQ, ~, OSCl V,L V.s - 0.2 X Voo V

Total Supply Current (CL = 50 pF on Ports, no de Loads, teye = 1000 ns,
(V'L = 0.2 V, V,H = Voo - 0.2V) No external timer oscillator.

1 2.5RUN 100 - mA
WAIT (See Note) 100 - 0,5 1,4 mA
STOP (See Note) 100 - 1 175 IJA

Total Supply Current (CL = 50 pF on Ports, no de Loads, teye = 1000 ns,
(V'L = 0.2 V, V,H = Voo - 0.2V) 32.768 KHz external timer
crystal oscillator circuit as shown in Fig. 13(c).

1,1 2,75RUN 100 - mA
WAIT (See Note) 100 - 0,6 1,8 mA
STOP (See Note) 100 - 100 275 IJA

I/O Ports Hi-Z Leakage Current
PAO-PAl, PBO-PB7, PCO-PC7, PD1-P05 I,L - - ±10 IJA

Input Current
~,Ilm, TCAP, OSC1, PDO, P07 I.n - - ±1 IJA

Capacitance

~E~E¥~Mut or output) Caul - - 12 pF
,I ,TCAP, OSC1, POO-P05, P07 Cin - - 8 pF

NOTE: Measured under the following conditions:
1. All ports are configured as input, V,L = 0.2 V, V,H = Voo - 0.2 V.
2. No load on TCMP, CL = 20 pF on OSC2.
3.0SCl is a square wave with V,L = 0.2 V. V,H = Voo - 0.2 V.
4. SPE = 0
5. Typical values at midpoint of voltage range, +25OC only,
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Limits

Characteristic Symbol Min Max Unit

Frequency of Operation
Crystal Option fosc - 4.2 MHz
External Clock Option fosc dc 4.2 MHz

Internal Operating Frequency
Crystal (fosc -;- 2) fop - 2.1 MHz
External Clock (fosc -;- 2) fop dc 2.1 MHz

Cycle Time (See Figure 8) tcyc 480 - ns

Crystal Oscillator Startup Time for At-Cut Crystal (See Figure 8) toxov - 100 ms

Stop Recovery Startup Time (At-Cut Crystal Oscillator) (See Figure 25) tlLCH - 100 ms

RESET Pulse Width (See Figure 9) tRl 1.5 - tCYC

Timer
Resolution"" tAESL 4.0 - tcyc

Input Capture Pulse Width (See Figure 26) hHo hl 125 - ns
Input Capture Pulse Period (See Figure 26) tTLTl """ - tcyc

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 11) tiltH 125 - ns

Interrupt Pulse Period (See Figure 11) tlLIL " - tcyc

OSC1 Pulse Width toH• tal 90 - ns

External Timer Oscillator frequency of operation ftosc - fosc -:- 4 fosc

"The minimum period t'l'l should not be less than the number of cycle times it takes to execute the interrupt service
routine plus 21 tc,c.

""Since a 2-bit prescaler in the timer must count four internal cycles (tc,c), this is the limiting minimum factor in
determining the timer resolution.

"""The minimum period hlTl should not be less than the number of cycle times it takes to execute the capture interrupt
service routine plus 24 tc,c.

""'~~A
tRL

lFFF

4 x==
NOTES:
1. REPRESENTS THE INTERNAL GATING OF THE OSC1 PIN.
2. IRQ PIN EDGE-SENSITIVE MASK OPTION.
3. iRQ PIN LEVEL AND EDGE-SENSITIVE MASK OPTION.
4. RESET VECTOR ADDRESS SHOWN FOR TIMING EXAMPLE.

RESET OR INTERUPT
V ECTOR FETCH



Limits
Characteristic Symbol Min Max Unit

Frequency of Operation
Crystal Option fosc - 2.0 MHz
External Clock Option fosc dc 2.0 MHz

Internal Operating Frequency
Crystal (fosc -7 2) fop - 1.0 MHz
External Clock (fosc -7 2) fop dc 1.0 MHz

Cycle Time (See Figure 8) tcyc 1000 - ns
Crystal Oscillator Startup Time for At-Cut Crystal (See Figure 8) toxov - 100 ms

Stop Recovery Startup Time (At-Cut Crystal Oscillator) (See Figure 25) tlLCH - 100 ms

RESET Pulse Width - Excluding Power-Up (See Figure 8) tRL 1.5 - tcyc

Timer
Resolution"" tRESL 4.0 - tcvc
Input Capture Pulse Width (See Figure 26) tTH, trL 250 - ns
Input Capture Pulse Period (See Figure 26) hLTL """ - tcvc

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 11) ttLIH 250 - ns

Interrupt Pulse Period (See Figure 11) tlL1L " - tcyC

OSC1 Pulse Width toH, taL 200 - ns

External timer oscillator frequency of operation ftosc - fosc ....;-4 fose

"The minimum period t'LIL should not be less than the number of cycle times it takes to execute the interrupt service
routine plus 21 tc,c.

""Since a 2-bit prescaler in the timer must count four internal cycles (tc,c). this is the limiting minimum factor in
determining the timer resolution.

"""The minimum period trLTL should not be less than the number of cycle times it takes to execute the captu·re interrupt
service routine plus 24 tc,c.

EXTERNAL
SIGNAL

(TCAP
PIN 37)
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Limits
Num. Characteristic Symbol Min Max Unit

Operating Frequency f···Master fopcml dc 0.5 op
Slave fop1s) dc 2.1 MHz

1 Cycle Time
Master tcyclml 2.0 - tcyc

Slave teyelS) 480 - ns
2 Enable Lead Time

Master t1eadlml " -
Slave tleadlSI 240 - ns

3 Enable Lag Time
Master tleQlrnl " -
Slave tleglSI 240 - ns

4 Clock (SCK) High Time
Master tWCSCKHlm 340 - ns
Slave twlSCKHls 190 - ns

5 Clock (SCK) Low Time
Master twlSCKLlm 340 - ns
Slave twlSCKUs 190 - ns

6 Data Setup Time (Inputs)
Master tsuCml 100 - ns
Slave tsuls) 100 - ns

7 Data Hold Time (Inputs)
Master thfml 100 - ns
Slave this) 100 - ns

8 Access Time (Time to data active from high impedance state)
Slave t. 0 120 ns

9 Disable Time (Hold Time to High-Impedance State)
Slave tdis - 240 ns

10 Data Valid
Master (Before Capture Edge) ty1ml 0.25 - tCYClml

Slave (After Enable Edge)"" t.llls) - 240 ns
11 Data Hold Time (Outputs)

Master (After Capture Edge) tholml 0.25 - tCYClml

Slave (After Enable Edge) thoCal 0 - ns
12 Rise Time (20% Voo to 70% Voo, CL = 200 pF)

SPI Outputs (SCK, MOSI, MISO) t,m - 100 ns
SPI Inputs (SCK, MOSI, MISO, SS) t•• - 2.0 /lS

13 Fall Time (70% Voo to 20% Vpo, CL = 200 pF)
SPI Outputs (SCK, MOSI, MISO) t'm - 100 ns
SPI Inputs (SCK, MOSI, MISO, SS) tfs - 2.0 /lS

"Signal production depends on software.
""Assumes 200 pF load on all SPI pins.

"""Note that the unit this specification uses is fop(internal operating frequency). not MHz! In the master
mode the SPI bus is capable of running at one-half ofthedevice's internal operating frequency, therefore
1.05 MHz maximum.



SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 29)
(Voo = 3.3 Vdc ± 10%, Vss = 0 Vdc, TA = -40°C to +125°Cj

Limits

Num. Characteristic Symbol Min Max Unit

Operating Frequency f···Master fOP1rn) dc 0.5 op
Slave foP1s) dc 1.0 MHz

1 Cycle Time
Master tCYCfml 2.0 - tCYc

Slave tcyclsl 1.0 - JlS
2 Enable Lead Time

Master tleadfm)
. -

Slave tleadlSJ 500 - ns

3 Enable Lag Time
Master tlagfml

. -
Slave t1aglSI 500 - ns

4 Clock (SCK) High Time
Master tw(SCKHlm 720 - /.IS
Slave twfSCKHIs 400 - ns

5 Clock (SCK) Low Time
Master twlSCKUm 720 - JlS
Slave 1wlsCKUs 400 - ns

6 Data Setup Time (Inputs)
Master tsulml 200 - ns
Slave tsulsl 200 - ns

7 Data Hold Time (Inputs)
Master th1m1 200 - ns
Slave thIs) 200 - ns

8 Access Time (Time to data active from high impedance state)
Slave t. 0 250 ns

9 Disable Time (Hold Time to High-Impedance State)
Slave tdis - 500 ns

10 Data Valid
Master (Before Capture Edge) t..•.fml 0.25 - tcyclrnl

Slave (After Enable Edger' tv1s) - 500 ns

11 Data Hold Time (Outputs)
Master (After Capture Edge) tholml 0.25 - tcYC(ml

Slave (After Enable Edge) tho1s) 0 - ns

12 Rise Time (20% Voo to 70% Voo, CL = 200 pF)
SPI Outputs (SCK, MOSI, MISO) t,m - 200 ns
SPI Inputs (SCK, MOSI, MISO, SS) t •• - 2.0 JlS

13 Fall Time (70% Voo to 20% Voo, CL = 200 pF)
SPI Outputs (SCK, MOSI, MISO) t'm - 200 ns
SPI Inputs (SCK, MOSI, MISO, SS) t,. - 2.0 JlS

'Signal production depends on software.
"Assumes 200 pF load on all SPI pins.

'''Note that the unit this specification uses is fop (internal operating frequency). not MHz! In the master
mode the SPI bus is capable of running at one-half of the device's internal operating frequency, therefore
0.5 MHz maximum.
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HARRIS
SEMICONDUCTOR

The following are some of the hardware and software highlights
of the CDP68HC05J3 family of HCMOS Microcomputers.

HARDWARE FEATURES

• HCMOS Technology

• 8-Bft Architecture

• Power-Saving STOP, WAIT, and Data Retention Modes

• Fully Static Operation

• On-Chip Memory
- 2,352 bytes of ROM
- 128 bytes of RAM

• 12 Bidirectional VO Lines
- 8 Software Programmable as Open Drain
- 4 Interruptible Inputs

• Internal 16-Blt Timer
- Output Compare

Input Capture
- Separate Timer Oscillator Allows:

- Timing During Power Saving Mode
- Counting of External Events

• Self-Check Mode

• External, Timer, and Port B Interrupts

• Master Reset and Power-On Reset

• On-Chip Oscillator with RC or Crystal Mask Options

• CDP68HC05J3
- 4.2MHz Operating Frequency (2.1MHz Internal Bus

Frequency) at 5V; 2.0MHz at 3.0V
- Single 3.0V to 8.0V Supply (2.0V Data Retention)

• CDP68HCL05J3
- Lower Supply Current, 100 In RUN, WAIT and STOP

Modes at 5.5V, 3.6V and 2.4V
- Single 2.4V to 6.0V Supply (2V Data Retention)

• CDP68HSC05J3
- 8.0MHz Operating Frequency (4.0MHZ Internal Bus

Frequency)
- Single 3.0V to 6.0V Supply (2.0V Data Retention)

SOFTWARE FEATURES

• Supports Full CDP68HC05 Instruction Set

• 8 x 8 Unsigned Multiply Instruction

• True Bit-Manipulation

• Two Power Saving Standby Modes

• Efficient Use of Program Space

• Memory Mapped VO

CDP68HC05J3

Description
The CDP68HC05J3 HCMOS Microcomputer is a member of
the CDP68HC05 family of single chip microcomputers. This 8-
bit microcomputer unit (MCU) contains a CPU, 128 bytes of
RAM, 2,352 bytes of masked ROM, a flexible 16-bit timer with
input capture and output compare features, 12 bidirectional 1/0
lines (eight programmable as open drain outputs and four pro-
grammable as interruptible inputs), an on-chip oscillator, and
an optional, independent oscillator for the 16-bit timer. The fully
static design allows operation at frequencies down to DC, fur-
ther reducing the already low, power consumption.

The timer can be used for pulse width measurements, timing, or
event counting. Optionally, the timer can run off an oscillator that
is independent of (and typically at a lower frequency than) the
CPU oscillator.The dedicated timer oscillatorallows timekeeping
functions to be maintained during the low power STOP mode.

In conjunction with the open drain outputs, the four interrupt-
ible Port B lines can be used for switch scanning.

The interruptible port lines provide additional interrupts and
can be used to exit the power down modes.

The CDP68HCL05J3 MCU device is a low-power version of
the CDP68HC05J3 with lower power consumption in the
RUN, WAIT, and STOP modes; and low voltage operation
down to 2.4V.

The CDP68HSC05J3 MCU device is a high-speed version
of the CDP68HC05J3 with up to 8.0MHz operation.

The CDP68HC05J3 family supports the full CDP68HC05
instruction set. Development can be performed with tools
supplied by Harris or offered by numerous third party ven-
dors. Available tools include assemblers, C compilers, and
ICE systems.

The CDP68HC05J3 is supplied in a 20 lead dual-in-Iine plas-
tic package (E suffix) and in a 20 lead small outline plastic
package (M suffix).

RESET 1

IRQ

PA7

PAS 4

PAS
PM

PA3

PA2

PA1 9

CAUTION: These devices ere sensitive to electrostetic discharge. Users should follow pt"oper I.C. Handling Procedures.
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PAO
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C PM...

PASa:
0 PAS...

PA7

<f)

~j
PBO

PBl
PB2
PB3

0...

INTERNAL
PROCESSOR

CLOCK
RESET
IRQ

ACCUMULATOR
I A CPU

INDEX CONTROL

I REGISTER X

CONDITIONCODE
5 REGISTER CC CPU

STACK
6 POINTER SP

PROGRAM
4 COUNTERHIGH PCH

PORT DATA
A DlR

REG REG

PORT
B

REG

DATA
DlR
REG

2ll2xl
ROM

240 x I
SELF-CHECK

ROM

PINS R1 R2 C

VOO= 4.5V: PAQ-7. PBO-3 3.260 2.380 SOpF

VOO= 3.0V: PAQ-7. PBO-3 10.190 6.320 SOpF

The average Chip-junction temperature. TJ• in °C can be
obtained from:

TJ = TA + (Po· 8JA) (Ea. 1)

Where: TA = Ambient Temperature. °C
8JA = Package Thermal Resistance.

Junction-to-Ambient. °CIW
Po = PINT + PliO

PINT = Ice x Vee• Watts - Chip Internal Power
PliO = Power Dissipation on Input and Output

Pins - User Determined

For most applications PVO < PINT and can be neglected.

An approximate relationship between Po and TJ (if Pvo is
neglected) is:

Po = K + (TJ + 273°C) (Ea. 2)

Solving Equation 1 and Equation 2 for K gives:

K = Po • (TA + 273°C) + 8JA • P02

Where K is a constant pertaining to the particular part. K can
be determined from Equation 3 by measuring Po (at equilib-
rium) for a known TA. Using this value of K the values of Po
and TJ can be obtained by solving Equation 1 and Equation 2
iteratively for any value of TA-

C
(SEE

TABLE)
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Supply Voltage (Voo) ••.........••••...•••.... -o.5V to +7.0V
Input Voltage (V1N) .•.•.......•.••••... Vss -0.3V to Voo +O.3V
Self-Check Mode (VIN)

IRQ Pin Only ••••••......••.•••.• Vss-o.3Vt02xVoo+O·3V
Current Drain Per Pin (I)

Excluding VDD and Vss• . . . . . • . . • . • • • • . • • . . . . • . . . .. 25mA
Storage Temperature Range (TSTG)' •.••••..•.• -es°C to +1500C

Thermal Resistance BJA
Plastic DIP Package 6COCN-I
Plastic SOIC Package .•..•...................... 75°CNJ

Junction Temperature .••.•........................ +150oC

Operating Conditions
Operating Temperature Range (TA) •..•••...... -'lO°C to +1250C Input High Voltage .....•..........•........• (0.8oVoo) to VDD

Low Power .........•.•.•.•.•.•.......•...• 0oC to +7COC
High Speed .•...•.....•........••.....•.... 0oC to +700C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Output Voltage VOl. ILOAD<101lA - 0.1 V

VOH Voo-O.l V

Output High Voltage: PAQ-7, PBO-3, TCMP VOH ILOAD= -o.8mA Voo-0.8 . V

Output Low Voltage: PAQ-7, PBO-3, TCMP VOl. 'LOAD= 1.6mA - 0.4 V

Input High Vonage: PAO-7, PBQ-3, OSC1, TCAPI V1H 0.5oVOD O.7oVoo V
TOSCl

Input High Voltage: RESET, IRQ V1H - 0.5oVDD 3.5 V

Input Low Voltage: PAQ-7, PBO-3, OSC1, TCAPI V,L 0.3oVDD 0.5oVDD - V
TOSCl

Input Low Voltage: RESET, IRQ V1L 0.8 0.3oVDD - V

Input Hysteresis Voltage: RESET, IRQ VHYS 0.5 1.0 V

Data Retention Voltaga VRM COCto+700C 2 - V

Supply Current (Notes 1, 2)

RUN
'
RUN . 2.0 4.0 mA

WAIT 'WAIT 0.8 1.6 mA

STOP ISTOP TA = -40"C to +125°C - 20 40 IlA

VO Ports HI-Z Leakage Current: PAQ-7, PBQ-3 I'L - - ±10 IlA

Input Current: RESET, IRQ, TCAP/TOSC1, I'N - - ±1 IlA
OSCl

Capacitance: (Note 2) COUT - - 12 pF

RESET,IRQ, TCAPITOSC1,OSC1, PAQ-7, PBO-3 C,N - - 8 pF

NOTES:

1. This device contains circuitry to protect the Inputs against damage due to high static voltages of electric fields; however, It is advised that
normal precautions be taken to avoid application of any Voltage higher than maximum rated voltages to this high Impedance circuit. For
proper operation it Is recommended that V,N and VOUT be constrained to the range Vss < (V,N or VOLrr) < VDD. Reliability of operation is
enhanced if unused Inputs except OSC2 are connected to an appropriate logic voltage level (e.g., either Vss or VDD).

2. InclUdes Ports used as Input/Output Pins, Ports used as Input only Pins; Ports used as Output only Pins.



PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Output Voltage VOL ILOAD<1011A - - 0.1 V

VOH Voo-O.l - V

Output High Voltage: PAO-7, PBO-3, TCMP VOH 'LOAD= -0.2mA Voo -0.3 - V

Output Low Voltage: PAO-7, PBO-3, TCMP VOL ILOAD= O.4mA 0.3 V

Input High Vonage: PAO-7, PBD-3, OSC1, TCAPI VIH 0.5-VDD 0.7-VDD V
TOSCl

Input High Voltage: RESET, IRQ VIH - 0.5·VDD 2.5 V

Input Low Voltage: PAD-7, PBO-3, OSC1, TCAPI V1L 0.2·VDD 0.5·VDD V
TOSCl

Input Low Voltage: RESET, IRQ VIL 0.5 0.3·VDD V

Input Hysteresis Voltage: RESET, IRQ VHyS 0.3 0.6 V

Data Retention Voltage VRM O"c to +70oC 2 V

Supply Current (Notes 1, 2)

RUN 'RUN - 1.2 2.4 mA

WAIT IWAIT 0.5 1.0 mA

STOP 'STOP TA = -4O"C to +125°C - 10 20 IIA

I/O Ports HI-Z Leakage Current PAD-7, PBD-3 IlL - - ±10 IIA

Input Current: RESET, IRQ, TCAP/TOSC1, 'IN - ±1 IIA
OSCl

Capacitance: (Note 2) COUT 12 pF

RESET,IRQ, TCAP/TOSC1, OSC1, PAO-7, PBO- CIN - 8 pF
3

NOTES:

1. This device contains circuitry to protect the inputs against damage due to high static voltages 01 electric fields; however, it is advised that
normal precautions be taken to avoid application 01 any voltage higher than maximum rated voltages to this high impedance circuil. For
proper operation it is recommended that VIN and VOUTbe constrained to the range Vss < (V1Nor VOUT)< VDD. Reliability 01 operation is
enhanced n unused inputs except OSC2 are connected to an appropriate logic voltage level (e.g., either Vss or VDD).

2. Includes Ports used as Input/Output Pins, Ports used as Input only Pins; Ports used as Output only Pins.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Frequency 01 Operation
Crystal Option lose - 4.2 MHz

External Clock Option lose DC - 4.2 MHz

Internal Operating Frequency

Crystal (lose + 2) fop - - 2.1 MHz

External Clock (fose + 2) fop DC - 2.1 MHz

Cycle Time !eye 480 - ns

Crystal Oscillator Start-Up Time for AT-Cut Crystal toxov - - 100 ms

VIa:
O~a: ....
00_a:
:::'it-zoo



PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS

Stop Recovery Start-Up lime (AT-Cut Crystal tlLCH - 100 ms
Oscillator)

RESET Pulse Width IRL 1.5 - !evc

limer
Resolution (Note 1) tRES 4.0 - !evc

Input Capture Pulse Width tTH. tTL 125 - ns

Input Capture Pulse Period tTLTL (Note 2) - - !evc

Interrupt Pulse Width Low (Edge-Triggered) tlUH 125 - - ns

Interrupt Pulse Period tlLlH (Note 3) - - !evc

OSCl Pulse Width IoH.1oL 90 - - ns

NOTES:
1. Since a 2-bit prescaler in the timer rrust count lour internal cycles (!evel. this is the limiting minimum lactor in detennining the timer resolution.

2. The minimum period tTLTLshould not be less than the number 01cycle times it takes to execute the capture interrupt service routine plus
24!evc·

3. The minimum period ~L1Lshould not be less than the number 01cycle times it takes to execute the interrupt service routine plus 21 !evc.

PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS

Frequency 01 Operation

Crystal Option lose - 2.0 MHz

Extemal Clock Option lose DC - 2.0 MHz

Internal Operating Frequency

Crystal (lose + 2) lop - - 1.0 MHz

Extemal Clock (lose + 2) lop DC - 1.0 MHz

Cycle lime !evc 1000 - ns

Crystal Oscillator Start-up lime lor AT-cut Crystal Ioxov . · 100 ms

Stop Recovery Start-up lime (AT-cut Crystal ~LCH . · 100 ms
Oscillator)

RESET Pulse Width IRL 1.5 · · !evc

limer

Resolution (Note 1) IRfs 4.0 · · !evc

Input Capture Pulse Width tTH. tTL 250 - · ns

Input Capture Pulse Period tTLTL (Note 2) · !evc

Interrupt Pulse Width Low (Edge-Triggered) tlLlH 250 - - ns

Interrupt Pulse Period ~UH (Note 3) · !evc

OSCl Pulse Width IoH.1oL 200 - - ns

NOTES:

1. Since a 2·bit prescaler In the timer must count lour Internal cycles (!evel. this is the limiting minimum lactor in detennining the timer resolution.

2. The minimum period tTLn should not be less than the number 01cycle times it takes to execute the capture interrupt service routine plus
24!evc·

3. The minimum period ~L1LshoUld not be less than the number 01cycle times It takes to execute the Interrupt service routine plus 21 !evc.
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NOTES:
1. Represents the internal gating of the OSC1 pin.
2. IRQ pin edge-sensitive mask option.
3. IRQ pin level and edge-sensitive mask option.
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This section provides a description of the functional pins,
input/output programming, memory, CPU registers, and self-
check features of the CDP68HC05J3.

FUNCTIONAL PIN DESCRIPTION

Vooand Vss
Power is supplied to the MCU using these two pins. Voo is a
positive voltage with respect to Vss (ground).

IRQ (Maskable Interrupt Request)

IRQ is a programmable option which provides two different
choices of interrupt triggering sensitivity. These options are:

1. negative edge-sensitive triggering only, or

2. both negative edge-sensitive and level-sensitive trigger·
ing.

In the latter case, either type of input to the IRQ pin will pro-
duce an interrupt. The MCU completes the current instruc-
tion before it responds to the interrupt request. When the
IRQ pin goes low for at least one tlllH' a logic one is latched
internally to signify an interrupt has been requested. When
the MCU completes its current instruction, the interrupt latch
is tested. If the interrupt latch contains a logic one, and the
interrupt mask bit (I bit) in the condition code register is clear,
the MCU then begins the interrupt sequence.

If the option is selected to include level-sensitive triggering,
then the IRQ input can be connected to Voo via an external
resistor to permit "wire OReer operation. See INTERRUPTS
for more detail concerning IRQ interrupts.

RESET

The RESET input is not required for start-up but can be used
to reset the MCU intemal state and provide an orderly soft·
ware start-up procedure. Refer to RESETS for a detailed
description.

TCAPITOSCIN

The TCAP input controls the input capture feature for the on-
chip programmable timer system. Refer to Input Capture
Register for additional information. If bit 3 of the Oscillator
Control Register (OCR) is set, then TOSCIN is used as the
clock source for the internal timer. If bit 4 of the OCR is set
then TOSCIN together with TOSCOUT can be used to cre-
ate a crystal oscillator.

TCMPITOSCOUT

The TCMP pin provides an output for the output compare
filature of the on-Chip timer system. Refer to Output Com-
pare Register for additional information. If bit 4 of the Oscil-
lator Control Register (OCR) is set, then TOSCOUT is used
together with TOSCIN to create a crystal oscillator circuit.

ing device manufacturing, to accept either a crystal or an RC
network to control the internal oscillator. The internal clocks
are derived by a divide· by-two of the external oscillator fre-
quency (fosel.

Crystal

The circuit shown in Figure 3C is recommended when using
a crystal. The internal oscillator is designed to interlace with
an AT-Cut parallel resonant quartz crystal resonator in the
frequency range specified for fose in Control Timing. Use of
an external CMOS oscillator is recommended when crystals
outside the specified ranges are to be used. The crystal and
components should be mounted as close as possible to the
input pins to minimize output distortion and start-up stabiliza-
tion time. Refer to ELECTRICAL SPECIFICATIONS for Voo
specifications.

2MHz 4MHz UNITS

Rs(Max) 400 75 0

Co 5 7 pF
C1 0.008 0.012 pF

C05C1 15-40 15-30 pF
C05C2 15-30 15-25 pF
Rp 10 10 MO

a 30 40 K

FIGURE 3A. CRYSTAL RESONATOR PARAMETERS

Ceramic Resonator

A ceramic resonator may be used in place of the crystal in
cost sensitive applications. The circuit in Figure 3C is recom·
mended when using a ceramic resonator. Figure 36 lists the
recommended capacitance and feedback resistance values.
The manufacturer of the particular ceramic resonator being
considered should be consulted for specific information.

2MHz·4MHz UNITS

Rs (Typical) 10 0

Co 40 pF
C1 4.3 pF

C05Cl 30 pF
C05C2 30 pF
Rp 1-10 MO

a 1250 .



MCU

OSC1 OSC2

__ 1_8 -tI[]It-- 1_1I_

FIGURE 3D. EQUIVALENT CRYSTAL CIRCUIT

R
FIGURE 3E. RC OSCILLATOR CONNECTIONS

FIGURE 3F. EXTERNAL CLOCK SOURCE CONNECTIONS

FIGURE 3. OSCILLATOR CONNECTIONS

RC
If the RC oscillator option is selected, then a resistor is con-
nected to the oscillator pins as shown in Figure 3E.

External Clock

AIl extemal clock should be applied to the OSCIN input with the
OSCOUT output not connected, as shown in Figure 3F. AIl
extemal clock may be used with either the RC or crystal oscmator
option. The loxov or tlLCH specifications do not apply when
using an extamal clock input. The equivalent specifICation of the
extemal clock souroe should be used in lieu of loxov or la.CH'

PAD-PA7

These eight I/O lines comprise port A. The function of any
pin is software programmable to be an input, an output, or
an open drain output. All port A lines are configured as
inputs during power-on or reset. Refer to InpuVOutput Pro-
gramming for a detailed description of 110 programming.

PBD-PB3

These four lines comprise port B. The function of any pin is
software programmable to be an input or an output. Addition-
ally, each pin can be individually programmed to generate an
interrupt when the pin is low. All port B lines are configured as
inputs during power-on or reset. Refer to InpuVOutput Pro-
gramming for a detailed description of I/O programming.

INPUT/OUTPUT PROGRAMMING

Parallel Porta

The 12 VO lines associated with Ports A and B may be indi-
vidually programmed as an input or an output. The direction of
each pin is determined by the state of the corresponding bit in
the port data direction register (DDR). A port pin is configured
as an output if its corresponding DDR bit is set to a logic one.
A pin is configured as an input if its corresponding DDR bit is
cleared to a logic zero. At power-on or RESET, all DDRs are
cleared, which configures all port A and B pins as inputs. The
data direction registers are capable of being written to or read
by the processor. Refer to Figure 4, Figure 5 and Table 1. Dur-
ing the programmed output state, a read of the data register
actually reads the value of the output latch and not the I/O pin.
As an example, if a port bit is set to be a high output and it is
pulled low by an extemal load, reading the port will provide a
high reading for that bit.

DATA
DlR REO

BIT

TYPICAL
PORT DATA
DIRECTION
REGISTER

TYPICAL
PORT

REGISTER

PORT NOT OPEN DRAIN

PORT DATA
PORTDRR

NOTES:
1. Denotes devices have same physical size, and are

enhancement type.
2. IP = Input Protection.
3. latch-up protection not shown.

FIGURE4C.

FIGURE 4. TYPICAL PARALLEL 110CIRCUITRY



(NOTE1)
RiN OOR va PIN FUNCTION

0 0 The I/O pin is in inputmode.
Data is writtenIntothe outputdata latch

0 1 Data is writteninto the outputdata latch
and outputto the I/O pin.

1 0 The stateof the I/O pin is read.

1 1 The I/O pin is Inoutputmode.
The outputdata latch is read.

NOTE:
1. RiW is an intemalsignal.

PortAG-A7

The Port A Data Register (DR) is located at $000 and the
Port A Data Direction Register (DDR) is located at $002. In
addition to data direction control provided by the Port A
DDR, Port A I/O pins can be individually configured as open-
drain N-FETs. Selling a bit in the Port A Open Drain Register
(ODR, location $004), configures the corresponding Port A
output pin as an open drain, if the pin is set as an output in
the Port A DDR. Selling a bit in the Port A ODR has no effect
on pins that are programmed as inputs in the DDR, unless
the pin is subsequently programmed as an output. A pin that
is open drain will be high impedance when the Port A DR bit
is high and it will be active low when the Port A DR bit is low.

All bits in the Port A DDR and ODR are cleared by power-on
and RESET. Bits in the Port A DR are unaffected by power-
on and RESET.

• SET

D Q
IFR

CLOCK

RESET

WRITE TO
PORTS IER

($005)

Port BG-B3

The Port B Data Register (DR) is located at $001 and the
Port B Data Direction Register (DDR) is located at $003. In
addition to data direction control provided by the Port B
DDR, Port B I/O pins can be individually configured as low
level sensitive interrupt inputs. Associated with each of the
four pins of Port B is a bit in the Port B Interrupt Enable Reg-
ister (IER, location $005) and the Port B Interrupt Flag Reg-
ister (IFR, location $006).

Whenever a Port B pin is brought low (either pulled low by
an external source, when the pin is programmed as an input,
or set low in the Port B DR, when the pin is programmed as
an output) the associated flag in the Port B IFR will be set.
Even when the pin returns to a high level the IFR bit will
remain set. The IFR bits can only be cleared by RESET or
by explicitly writing a 0 to the bit in the IFR.

When interrupts are not enabled the IFR can be used to "cap-
ture" low going pulses on the Port B pins for later processing.
Since even a narrow low pulse will set the IFR bit. the user
can be assured not to miss a low event if the IFR is examined.
Once the Port B DR bit returns high, the IFR bit should be
cleared to "rearm" the IFR to capture the next pulse.

If a bit in the IFR is set, a Port B interrupt will be generated if
the associated bit in the Port BIER is set and the CPU has
enabled interrupts by clearing the I mask bit. See INTER-
RUPTS for more information. Generally the user will want to
clear the appropriate IFR bites) before selling the Port BIER
bites). This will insure only future events will trigger interrupts
and not a past event which was "captured" by the IFR.

INTERNAL
INTERRUPT
LOGIC

CPU RESET
WRITE TO
PORT S IFR
($006)

IER

CLOCK

RESET



$0000 - - - .- ...- - - - - - - -
0000 PORTS 0000 PORT A DATA REGISTER $00

VO
7 BYTES32 BYTES PORT B DATA REGISTER $01

$OOlF 0031 UNUSED PORT A DATA DIRECTION REGISTER $02
$0020 0032, 11 BYTES

USER ROM PORT B DATA DIRECTION REGISTER $03
48 BYTES TIMER

$004F 0078 10 BYTES PORT A OPEN DRAIN REGISTER $04

$0050 0080
UNUSED PORT B INTERRUPT ENABLE REGISTER $05

UNUSED 4 BYTES
48 BYTES 0031 PORT B INTERRUPT FLAG REGISTER $06

$007F 0127
UNUSED $07

$0080 0128
RAM

10 BYTES $10
128 BYTES OSCILLATOR CONTROL REGISTER $11

$OOBF 0181
,

$OOCO -r -S;A~; - - -
0182 TIMER CONTROL REGISTER $12

64 BYTES TIMER STATUS REGISTER $13

$OOFF 0255 INPUT CAPTURE HIGH REGISTER $14
$0100 0256

USER ROM INPUT CAPTURE LOW REGISTER $15

2048 BYTES OUTPUT COMPARE HIGH REGISTER $16
$08FF 2303 .- - -
$0900 2304 UNUSED OUTPUT COMPARE LOW REGISTER $17

: $OFFO 6 BYTES
UNUSED COUNTER HIGH REGISTER $18

$OEFF 3838
PORT B COUNTER LOW REGISTER $19

$OFOO 3840
$OFF6 VECTOR

SELF-CHECK ALTERNATE COUNTER HIGH REGISTER $lA
ROM TIMER

224 BYTES $OFF8 VECTOR ALTERNATE COUNTER LOW REGISTER $lB
$OFDF 4063 •

$lC$OFEO 4064 : IRQ UNUSED
SELF-CHECK $OFFA VECTOR 'l 4 BYTES TNVECTORS

16 BYTES
$OFEF 4078: SWl
$OFFO 4080 $OFFC VECTOR

USER
VECTORS RESET

BYTES $OFFE VECTOR4085$OFFF -------

FIGURE 6. ADDRESS MAP

7 0

1 A 1 ACCUMULATOR
7 0 DECREASING

MEMORY
1 X I INDEX REGISTER ADDRESSES

11 0 7 0 STACK
1 PC 1 PROGRAM COUNTER 1 1 1 11 1 CONDITION CODE REGISTER
11 7 0 Z I-

a: ACCUMULATOR
Q.

1010101011111 I ::>
SP STACK PDlNTER ~ INDEX REGISTER

a:
w a:

CC a: o I 0 I 0 1 0 IPROGRAM COUNTER HIGH
w

t
I-Ljg'.no, ro~... :!!:

UNSTACK PROGRAM COUNTER LOW

CARRYIBORROW
ZERO INCREASING
NEGATIVE MEMORY
INTERRUPT MASK ADDRESS
HALF CARRY

FIGURE 7. PROGRAMMING MODEL FIGURE 8, STACKING ORDER
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In the first case, since the IFR has not been cleared, setting
the IER bit high, at any future time, will cause a Port B inter-
rupt, unless the IFR bit is first cleared. In the second case, if
the source of the interrupt is still exerting a low on the Port B
pin, a new interrupt will immediately be forced, unless the
IER bit was also cleared, prior to the IFR bit.

All bits in the Port B IFR, IER, and DDR are cleared by
power-up and RESET. The Port B DR is unaffected by pow-
erup and RESET. All unused bits in the Port B registers are
read as O's.

MEMORY

Figure 6 illustrates the address map of the J3. As shown the
memory consists of 128 bytes of RAM between $080 and
$OFF.The upper 64 bytes of RAM is used for a system stack
which grows from higher addresses towards lower
addresses. Locations $100 through $900 contain 2048 bytes
of ROM for user code. A 240 byte ·SelfCheck" routine is
located from $Foo through $FFO (see Selfcheck).

CPU REGISTER MODEL

The CPU contains five registers, as shown in the programing
model of Figure 7. The interrupt stacking order is shown in
Figure 8.

NOTE: SincetheStackPointerdecrementsduringpushes,the PCl
isstackedfirst, follOWedby PCH,etc. Pullingfromthestack is in the
reverseorder.
Accumulator (A)

The accumulator is an 8-bit general purpose register used to
hold operands, results of the arithmetic calculations. and
data manipulations.

Index Register (X)

The X register is an 8-bit register which is used during the
indexed modes of addressing. It provides an 8-bit value
which is used to create an effective address. The index reg-
ister is also used for data manipulations with the read-mod-
ify-write type of instructions and as a temporary storage
register when not performing addressing operations.

Program Counter (PC)

The program counter is a 12-bit register that contains the
address of the next instruction to be executed by the processor.

Stack Pointer (SP)

The stack pointer is a 12-bit register containing the address
of the next free location on the pushdown/popup stack.
When accessing memory, the most significant bits are per-
manently configured to 000011. These bits are appended to
the six least significant register bits to produce an address
within the range of $OFF to $OCO.The stack area of RAM is
used to store the return address on subroutine calls and the
machine state during interrupts. During external or power-on
reset, and during a reset stack pointer (RSP) instruction, the
stack pointer is set to its upper limit ($OFF). Nested interrupt
and/or subroutines may use up to 64 (decimal) locations.
When the 64 locations are exceeded, the stack pointer
wraps around and points to its upper limit ($OFF), thus, over-

uses five RAM bytes.

Condition Code Register (CC)

The condition code register is a 5-bit register which indicates
the results of the instruction just executed as well as the
state of the processor. These bits can be individually tested
by a program and specified action taken as a result of their
state. Each bit is explained in the following paragraphs.

Half Carry Bit (H)

The H bit is set to a one when a carry occurs between bits 3
and 4 of the ALU during an ADD or ADC instruction. The H
bit is useful in binary coded decimal subroutines.

Interrupt Mask Bit (I)

When the I bit is set, all interrupts are disabled. Clearing this
bit enables the interrupts. If an external interrupt occurs
while the I bit is set, the interrupt is latched and processed
after the I bit is next cleared; therefore, no interrupts are lost
because of the I bit being set. An internal interrupt can be
lost if it is cleared while the I bit is set (refer to Programma-
ble TImer section for more information).

Negative (N)

When set, this bit indicates that the result of the last arith-
metic, logical, or data manipulation is negative (bit 7 in the
result is a logic one).

Zero (Z)

When set, this bit indicates that the result of the last arith-
metic, logical, or data manipulation is zero.

CarrylBorrow (C)

Indicates that a carry or borrow out of the arithmetic logic
unit (ALU) occurred during the last arithmetic operation. This
bit is also affected during bit test and branch instructions,
shifts, and rotates.

SELFCHECK

The selfcheck capability of the CDP68HC05J3 MCU pro-
vides an internal check to determine if the device is func-
tional. Selfcheck is performed using the circuit shown in the
schematic diagram of Figure 9. As shown in the diagram.
Port A pins PAO-PA3 are connected to light emitting diodes
which display the result of the test. The selfcheck mode is
entered~ applying a 9Voc input (through a 4.7kn resistor)
to the IRQ pin (2) and a 5Voc input (through a 4.7kn resis-
tor) to the TCAP pin (17) and then depressing the reset
switch to execute a reset. After reset, the PAO pin is first
tested for a logic 1 (supplied by the LED) then the following
seven tests are performed automatically:

110 Test

Functionally exercises ports A and B.

RAM Test

Tests each RAM byte by incrementing from $00 to $FF then
incrementing twice more to $01. The value in the RAM loca-
tion is tested after each increment.



OSC1
(NOTE 2)
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CLOCK (NOTE 1)
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NOTES:
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3. The nex1 rising edge of the internal processor clock following the rising edge of RESET Initiates the reset sequence.
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Port B Interrupt Tests

Tests for proper operation of interrupts on each of the four,
Port B inputs.

Timer Test
Verifies counter register is properly advancing and checks
OCFflags.

External Timer Clock Test

Verifies proper counting via the external oscillator pin (17).

ROM Test

Exclusive OR of all ROM locations with odd one's parity
result.

Interrupts Test
Tests SWI, external, timer, and Port B interrupts.

Selfcheck results (using the LEOs as monitors) are shown in
Table 2. The following subroutines are available to user pro-
grams and do not require any external hardware.

PA3 PA2 PAl PAO REMARKS

1 0 1 0 FailedRAMTest

1 0 1 1 FailedPortB InterruptTests

1 1 0 0 Failed160M TImerTests

1 1 0 1 Bad ExternalTImerOscillator

1 1 1 0 FailedROMChecksumTest

1 1 1 1 FailedInterruptTests

Flashing Good Device

All Others Bad portA or B or UnknownFailure

Timer Test Subroutine

This subroutine returns with the Z bit cleared if any error is
detected; otherwise, the Z bit is set. This subroutine is called
at location $FBC. The output compare register is first set to
the current timer state. Because the timer is free running and
has only a divide-by-four prescaler, each timer count cannot
be tested. The test tracks the counter until the timer wraps
around, triggering the output compare flag in the timer status
register. RAM locations $080 and $081 are overwritten.
Upon return to the user's program, X = 40. If the test passed,
A=Oand Z= 1.

Rom Checksum Test Subroutine

This subroutine returns with the Z bit cleared if any error is
detected; otherwise, the Z bit is set. This subroutine is
called at location $F86 with RAM location $083 equal to
$01 and A = O. A short routine is set up and executed in
RAM to compute a checksum of the entire ROM pattern.
Upon return to the user's program, X = O. If the test passed,
A = 0 and Z = 1. RAM locations $080 through $083 are
overwritten.

Resets, Interrupts, and Low Power Modes
RESETS
The MCU has two reset modes: an active low external reset pin
(RESET) and a power-on reset function; refer to Figure 10.

RESET Pin

The RESET input pin is used to reset the MCU to provide an
orderly software start-up procedure. When using the exter-
nal reset mode, the RESET pin must stay low for a minimum
of one and one half !evc. The RESET pin contains an inter-
nal Schmitt Trigger as part of its input to improve noise
immunity.

Power-On Reset

The power-on reset occurs when a positive transition is
detected on Voo. The power-on reset is used strictly for
power turn-on conditions and should not be used to detect
any drops in the power supply voltage. There is no provision
for a power-dOwn reset.

If the crystal oscillator option is chosen, the power-on cir-
cuitry provides for a 4064 !evc delay from the time that the
oscillator becomes active. If the external RESET pin is low at
the end of the 4064 Icvc time out, the processor remains in
the reset condition until RESET goes high.

If the RC oscillator option is chosen, the power-on circuitry
provides a 2 !evc delay from the time that the oscillator
becomes active. If the external RESET pin is low at the end
of the 2 !evc time out, the processor remains in the reset
condition until RESET goes high. Table 3 shows the actions
of the two resets on internal circuits, but not necessarily in
order of occurrence (X indicates that the condition occurs for
the particular reset).

INTERRUPTS

Systems often require that normal processing be interrupted
so that some external event may be serviced. The
COP68HC05J3 may be interrupted by one of four different
methods: either one of three maskable hardware interrupts
(IRQ, Port B, or TImer) and one non-maskable software
interrupt (SWI). Interrupts such as TImer and Port B have
several flag and status bits which control the interrupt. Gen-
erally, interrupt flags are located in read-only status register,
whereas their equivalent enable bits are located in associ-
ated control registers. The interrupt flags and enable bits are
never contained in the same register. If the enable bit is a
logic zero it blocks the interrupt from occurring but does not
inhibit the flag from being set. Reset clears all enable bits to
preclude interrupts during the reset procedure.

Generally, interrupt flags are located in read-only status reg-
ister, whereas their equivalent enable bits are located in
associated control registers. The interrupt flags and enable
bits are never contained in the same register. If the enable
bit is a logic zero it blocks the interrupt from occurring but
does not inhibit the flag from being set. Reset clears all
enable bits to preclude interrupts during the reset procedure.

The general sequence for clearing an interrupt is a software
sequence of first accessing the status register while the
interrupt flag is set, followed by a read or write of an associ-



ated register. When any of these interrupts occur, and if the
enable bit is a logic 1, normal processing is suspended at
the end of the current instruction execution. Interrupts cause
the processor registers to be saved on the stack (see Figure
8) and the interrupt mask (I bit) set to prevent additional
interrupts. The appropriate interrupt vector then points to the
starting address of the interrupt service routine (refer to Fig-
ure 6for vector location). Upon completion of the interrupt
service routine, the RTI instruction (which is normally a part
of the service routine) causes the register contents to be
recovered from the stack followed by a return to normal pro-
cessing. The stack order is shown in Figure 8.

A discussion of interrupts, plus a table listing vector
addresses for all interrupts, including RESET, of the MCU is
provided in Table 4.

Hardware Controlled Interrupt Sequence

The following three functions (RESET, STOP, and WAIT) are
not in the strictest sense an interrupt; however, they are
acted upon in a similar manner. Flowcharts for hardware
interrupts are shown in Figure 11, and for STOP and WAIT
are provided in Figure 12. A discussion is provided below.

(a) RESET - A low input on the RESET input pin causes the
program to vector to its starting address which is speci-
fied by the contents of memory locations $FFE and
$FFF. The I bit in the condition code register is also set.
Much of the MCU is configured to a known state during
this type of reset as previously described in RESETS
paragraph.

(b) STOP - The STOP instruction causes the oscillator to
be tumed off and the processor to ·sleep" until an exter-
nal interrupt (IRQ or Port B interrupt) or a RESET or a
TIMER interrupt occurs. Note that TIMER interrupts can
only be generated if the external clock for the TIMER is
enabled.

(c) WAIT - The WAlT instruction causes all processor clocks
to stop, but leaves the Timer running. This "rest" state of
the processor can be cleared by RESET, an external
interrupt (IRQ), Timer interrupt, or Port B interrupt.

POWER-ON
CONDITION RESET PIN RESET

Oscillator Start-Up Delay Set to 4064 !evc (8128 Oscillator Cycles) Note 1 X

TImer Prescaler Reset to Zero State X X

TImer Counter Configured to $FFFC X X

TImer Output Compare (TCMP) Bit Reset to Zero X X

All TImer Interrupt Enable Bits Cleared (lCIE, OCIE, and TOlE) to Disable TImer Interrupts X X

TImer OLVL Bit is Cleared to Zero X X

All Oscillator Control Register Bits (EC, EOE, and NOEL) Cleared to Zero X X

Both Port A and Port B Data Direction Registers Cleared to Zero Configuring All Port Pins as X X
Inputs

Port A Open Drain Register Cleared to Zero X X

All Port B Interrupt Enable Register Bits Cleared to Zero to Disable Interrupts X X

All Port B Interrupt Flag Register Bits Cleared (If a Pin is Low irs Bit Will Immediately Be Set) X X

Configure Stack Pointer to $OFF X X

Force Intemal Address to the RESET Vector ($FFE) X X

Set Bit in Condition Code Register to a Logic One to Disable All Interrupts Except SWI X X

Clear External Interrupt Latch X X

Clear WAIT Latch X X

Clear Stop Latch X X
(Note 2)

NOTES;

1. A delay of 2 !evc (4 oscillator cycles) is introduced when restarting with RESET, except from STOP mode.

2. 4064 !evc oscillator start-up time-out occurs.
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CLEAR IRQ
REQUEST

LATCH

LOAD PC FROM

IRQ: $FFA - $FFB

TIMER: $FF8 - $FF9

PORT B: $FF6 - $FF7

COMPLETE
INTERRUPT

ROUTINE
AND EXECUTE

RTI

STOP OSCILLATOR
AND ALL CLOCKS

CLEAR I BIT

OSCILLATOR ACTIVE
TIMER CLOCK ACTIVE

PROCESSOR CLOCKS STOPPED

(1) FETCH RESET VECTOR OR
(2) SERVICE INTERRUPT

A. STACK
B. SET I BIT
C. VECTOR TO INTERRUPT

ROUTINE



FLAG INTER- CPU VECTOR
REGISTER NAME RUPTS INTERRUPT ADDRESS

NlA NlA Reset RESET $FFE-$FFF
NlA NlA Software SWI $FFC-$FFD
NlA NlA External IRQ $FFA-$FFB

Interrupt
Timer ICF Input TIMER $FF8-$FF9
Status OCF Capture
(TCR) TOF Output

Compare
Timer

Overflow

PortB Bit 0-3 PortB0-3 PortBo-B3 $FF6-$FF7
Interrupt Interrupt

Flag
Register

(IRF)

There are no special "WAIT' or "STOP" vectors for the inter-
rupts. When the processor is released from the WAIT or
STOP state. the same RESET and interrupt vectors are
used as at all other times. The processor provides no indica-
tion that a WAIT or STOP state has been exited.

Software Interrupt (SWI)

The software interrupt is an executable instruction. The
action of the SWI instruction is similar to the hardware inter-
rupts. The SWI is executed regardless of the state of the
interrupt mask (I bit) in the condition code register. The inter-
rupt service routine address is specified by the contents of
memory location $FFC and $FFD.

External Interrupt

If the interrupt mask (I bit) of the condition code register has
been cleared and the external interrupt pin (IRQ) has gone
low, then the external interrupt is recognized. When the
interrupt is recognized. the current state of the CPU is
pushed onto the stack and the I bit is set. This masks further
interrupts until the present one is serviced. The interrupt ser-
vice routine address is specified by the contents of memory
location $FFA and $FFB. Either a level-sensitive and nega-
tive edge-sensitive trigger, or a negative edge sensitive only
trigger are available as a mask option. Figure 13 shows both
a functional and mode timing diagram for the interrupt line.
The timing di~m shows two different treatments of the
interrupt line (IRQ) to the processor. The first method shows
single pulses on the interrupt line spaced far enough apart to
be serviced. The minimum time between pulses is a function
of the number of cycles required to execute the interrupt ser·
vice routine plus 21 cycles. Once a pulse occurs. the next
pulse should not occur until the MCU software has exited the
routine (an RTI occurs). The second configuration shows
several interrupt lines "wire-OR ed" to form the interrupts at
the processor. Thus. if after servicing one interrupt the inter-
rupt line remains low, then the next interrupt is recognized.

NOTE: Theinternalinterruptlatchisclearedin thefirstpartof theser-
vice routine;therefore,one (and only one) extemal interruptpulse
couldbelatchedduring~ULandservicedassoonastheIbit iscleared.

EXTERNAL
INTERRUPT
REQUEST

POWER-oN RESET

EXTERNAL RESET

EXTERNAL INTERRUPT
BEING SERVICED
(READ OF VECTORS)

FIGURE13A. EXTERNALINTERRUPTFUNCTIONDIAGRAM

llLlH

I " tlllL -I
.IRQ1 :l==::IILIH-1 I
'IRQn 1 [f;i.~~~D

CONNECTION

IIRQ -, r-(MCU) 1

NOTE:
Edge-SensitiveTriggerCondition- The minimumpulsewidth (~L1H)
is either 125ns (Vaa = 5V) or 250ns (Vaa = 3V). The period ~L1L
should be less than the numberof !evc cycles it takes to execute
the interruptserviceroutineplus 21 !evc cycles.
Level-SensitiveTriggerCondition- If afterservicingan interruptthe
#IRQ remainslow, then the next interruptIs recognized.

FIGURE13B. EXTERNALINTERRUPTMODEDIAGRAM

FIGURE13.
nrner Interrupt

There are three different timer interrupt flags that will cause
a timer interrupt whenever they are set and enabled. These
three interrupt flags are found in the three most significant
bits of the timer status register (TSR. location $13) and all
three will vector to the same interrupt service routine ($FF8 -
$FF9). All interrupt flags have corresponding enable bits
(ICE, OCIE. and TOlE) in the timer control register (TCR,
location $12). Reset clears all enable bits, thus preventing
an interrupt from occurring during the reset time period. The
actual processor interrupt is generated only if the I bit in the
condition code register is also cleared. When the interrupt is
recognized. the current machine state is pushed onto the
stack and I bit is set. This masks further interrupts until the
present one is serviced.

The interrupt service routine address is specified by the con-
tents of memory locations $FF8 and $FF9. The general
sequence for clearing an interrupt is a software sequence of
accessing the status register while the flag is set. followed
by a read or write of an associated register. Refer to Pro-
grammable nrner for additional information about the timer
circuitry.
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COUNTER $1A
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REGISTER $1B

TIMER
STATUS
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FIGURE 14. PROGRAMMABLE TIMER BLOCK DIAGRAM
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NOTE:

1. The Counter Register and the TImer Control Register are the only ones affected by RESET.

FIGURE 15. TIMER STATE DIAGRAM FOR RESET

INTERNAL PROCESSOR
CLOCK

TOO n n
INTERNAL TIMER

T01 ..Jl n n
CLOCKS

110-11 n
111 n n

COUNTER (16· BIT)3 $FFEC X $FFED

n r
n

n n
n rL

X $FFEE X $FFEF

INPUT EDGE ~_:-----------------

(SEE NOTE) \ \ \ \ •'I Y Y 1: \ _
$1111 X $F_F_E_D _

INPUT CAPTURE FLAG /----
NOTE:

1. If the Input edge occurs In the shaded area from one limer state T10 to the other timer state T10 the input capture flag is set during the
next state T11. .

FIGURE 16. TIMER STATE TIMING DIAGRAM FOR INPUT CAPTURE
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TOO n n n r
T01Jl n n n

INTERNALTIMER
T10--.Jl n n n
T11 n n n rL

COUNTER (16 - BIT)3 $FFEC X $FFED X $FFEE X $FFEF

(NOTE 1),
COMPARE REGISTER CPU WRITES $FFED $FFED

COMPARE REGISTER (NOTE2),tI \LATCH

OUTPUT COMPARE (NOTE3)~1FLAG (OCF) AND
TCMP (PIN 16)

NOTES:
1. The CPU write to the Compare Register may take place at any time, but a compare only occurs at timer state T01. Thus a 4 cycle differ-

ence may exist between the write to the Compare Register and the actual compare.
2. Internal compare takes place during timer state T01.
3. OCF is set at the timer state Tll which follows the comparison match ($FFED in this example).

FIGURE 17. TIMER STATE TIMING DIAGRAM FOR OUTPUT COMPARE

INTERNALPROCESSOR CLOCK

TOO n n n r
T01Jl n n n

INTERNALTIMERCLOCKS

T10--.Jl n n n
Tll n n n rL

COUNTER (16 - BIT)3 $FFFF X $0000 X $0001 X $0002

TIMEROVERFLOW /FLAG{TOF)

NOTE:
1. The TOF bit is set at timer state Tl1 (transition of the counter from $FFFF to $0000). It is cleared by a read of the Timer Status Register

during the internal processor clock high time followed by a read of the Counter low Register.

FIGURE 18. TIMER STATE DIAGRAM FOR TIMER OVERFLOW



Port B Interrupts

The four lines of the Port B can be used as level-sensitive
interrupt inputs. The four lines share a common interrupt
vector ($FF6-$FF7). To allow identification of the source of
the interrupt, the Port B Interrupt Flag Register (IFR) is pro-
vided. The flag register contains a bit corresponding to each
bit of Port B. The flags are set by applying a low level to the
associated Port B pin. The source of the low level can either
be external, when the pin is programmed as an input in the
Port BOOR, or internal, when the pin is programmed as an
output and the bit is set low in the Port B Data Register. The
flags can only be cleared by explicitly writing to the IFR or by
RESET or power-on. The flags are valid whether Port B
interrupts are enabled or not.

Enabling Port B interrupts can be done for individual pins by
selting the appropriate bit in the Port B Interrupt Enable Reg-
ister (IER) high. If a Port B line has been enabled to gener-
ate interrupts and the interrupt mask (I bit) is clear, whenever
the IFR flag goes high, an interrupt will be generated. The
interrupt can be removed by clearing the IER bit or by clear-
ing the IFR bit. After clearing the IFR bit, if the low is still
present on the Port B pin, the interrupt will be immediately
regenerated since the Port B interrupts are level-sensitive.
For more information refer to Figure 5.

STOP Instruction

The STOP instruction places the MCU in ijs lowest power con-
sumption mode. In the STOP mode the intemal oscillator is
turned off, causing all internal processing to be hailed' refer to
Figure 12. During the STOP mode, the I bit in the condition
code register is cleared to enable extemal interrupts (Port B
interrupts must be enabled by setting the appropriate bijs in the
IER prior to entering STOP). All other registers and memory
remain unaltered and all inpuVoutput lines remain unchanged.
This continues until an extemal interrupt (IRQ or Port B) or a
RESET is sensed, at which time the intemal oscillator is turned
on. If the external clock for the TIMER is enabled then TIMER
overilow or compare interrupts can also release the CPU from
STOP mode. The external interrupt or RESET causes the pro-
gram counter to load a vector from memory locations $FF6-
FF7, $FFB-FF9, $FFA·FFB, or $FFE-FFF which contain the
starting address of the interrupt or RESET service routine.

WAIT Instruction

The WAIT instruction places the MCU in a low power consump-
tion mode, but the WAIT mode consumes somewhat more
power than the STOP mode. In the WAlT mode, the intemal
clock remains active, and all CPU processing is stopped; how-
ever, the programmable timer system remains active. Refer to
Figure 12. During the WAIT mode, the I bit in the condition code
register is cleared to enable all interrupts (Port Band Timer
interrupts must be enabled by setting the appropriate bits in the
IER or TCR prior to entering WAIT). All other registers and
memory remain unallered and all parallel inpuVoutput lines
remain unchanged. This continues until any interrupt or RESET
is sensed. At this time the program counter loads a vector from
the memory location ($FF6 through $FFF) which contains the
starting address of the interrupt or RESET service routine.

Data Retention Mode

The contents of RAM and CPU registers are retained at sup-
ply voltages as low as 2Voc. This is referred to as the Data
Retention mode, where the data is held, but the device is not
guaranteed to operate.

Programmable Timer
INTRODUCTION

The programmable timer, which is preceded by a fixed
divide-by-four prescaler, can be used for many purposes,
including input waveform measurements while simulta-
neously generating an output waveform. Pulse widths can
vary from several microseconds to many seconds. A block
diagram of the timer is shown in Figure 14 and timing dia-
grams are shown in Figures 15 through 1B.

Because the timer has a 16-bit architecture, each specific
functional segment (capability) is represented by two regis-
ters. These registers contain the high and low byte of that
functional segment. Generally, accessing the low byte of a
specific timer function allows full control of that function;
however, an access of the high byte inhibits that specific
timer function until the low byte is also accessed.

NOTE: The I bit in the condition code register should be set while
manipUlating both the high and low byte register o! a specific timer
!unction to ensure that an interrupt does not occur. This prevents in-
terrupts !rom occurring between the time that the high and low byte
are accessed.

The programmable timer capabilities are provided by using
the following ten addressable B-bit registers (note the high
and low represent the significance of the byte). A description
of each register is provided below.

Timer Control Register (TCR) location $12,
Timer Status Register (TSR) location $13,
Input Capture High Register location $14,
Input Capture Low Register location $15,
Output Compare High Register location $16,
Output Compare Low Register location $17,
Counter High Register location $1B,
Counter Low Register location $19,
Alternate Counter High Register location $1A, and
Alternate Counter Low Register location $1B.

COUNTER

The key element in the programmable timer is a 16-bit free
running counter, or counter register, preceded by a prescaler
which divides the internal processor clock by four. The pres-
caler gives the timer a resolution of 2.0).ls if the internal pro-
cessor clock is 2.0MHz. The counter is clocked to increasing
values during the low portion of the internal processor clock.
Software can read the counter at any time without affecting
its value.

The double byte free running counter can be read from either
of two locations $1B - $19 (called counter register at this loca-
tion), or $1A - $1B (counter alternate register at this location).
If a read sequence containing only a read of the least signifi-
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cant byte of the free running counter or counter altemate reg-
ister first addresses the most significant byte ($18, $lA) ~
causes the least significant byte ($19, $lB) to be transferred
to a buffer. This buffer value remains fixed after the first most
significant byte "read' even if the user reads the most signifi-
cant byte several times. This buffer is accessed when reading
the free running counter or counter altemate register, if the
most significant byte is read, the least signiflCaf1tbyte must
also be read in order to complete the sequence.

The free running counter is configured to $FFFC during
reset and is always a read-only register. During a power-on-
reset (POR), the counter is also configured to $FFFC and
begins running after the oscillator start-up delay. Because
the free running counter is 16 bits preceded by a fixed
divide-by-four prescaler, the value in the free running
counter repeats every 262,144 MPU intemal processor clock
cycles. When the counter rolls over from $FFFF to $0000,
the timer overflow flag (TOF) bit is set. An interrupt can also
be enabled when counter rollover occurs by setting its inter-
rupt enable bit (TOlE).

OUTPUT COMPARE REGISTER
The output compare register is a 16-b~ register, which is made
up of two 8-b~ registers at locations $16 (most significant byte)
and $17 (least significant byte). The output compare register
can be used for several purposes such as, controlling an output
waveform or indicating when a period of time has elapsed. The
output compare register is unique in that all b~s are readable
and wr~able and are not a~ered by the timer hardware. Reset
does not affect the contents of this register and if the compare
function is not utilized, the two bytes of the output compare reg-
ister can be used as storage locations.

The contents of the output compare register are compared
with the contents of the free running counter once during
every four intemal processor clocks. If a match is found, the
corresponding output compare flag (OCF) bit is set and the
corresponding output level (OLVL) bit is clocked (by the out-
put compare circuit pulse) to an output level register. The
values in the output compare register and the output level bit
should be changed after each successful comparison in
order to control an output waveform or establish a new
elapsed time-out. An interrupt can also accompany a suc-
cessful output compare provided the corresponding interrupt
enable bit, OCIE, is set.

After a processor write cycle to the output compare register
containing the most significant byte ($16), the output com-
pare function is inhibited until the least significant byte ($17)
is also written. The user must write both byte (locations) if
the most significant byte is written first. A write made only to
the least significant byte ($17) will not inhibit the compare
function. The free running counter is updated every four
internal processor clock cycles due to the internal prescaler.
The minimum time required to update the output compare
register is a function of the software program rather than the
internal hardware. A processor write may be made to either
byte of the output compare register without affecting the
other byte. The output level (OLVL) bit is clocked to the out-
put level register regardless of whether the output compare
flag (OCF) is set or clear.

Because neither the output compare flag (OCF bit) nor the
output compare register is affected by RESET, care must be
exercised when initializing the output compare function with
software. The following procedure is recommended: \

(1) Write the high byte of the output compare register to
inhibit further compares until the low byte is written.

(2) Read the timer status register to arm the OCF if it is
already set.

(3) Write the output compare register low byte to enable the
output compare function with the flag clear.

The advantage of this procedure is that it prevents the OCF
bit from being set between the time it is read and the write to
the output compare register. A software example is shown
below.

B716 STA OCMPHI; INHIBIT OUTPUT COMPARE
B613 LDA TSTAT; ARM OCF BIT IF SET
BF17 STX OCMPLO; READY FOR NEXT COMPARE

INPUT CAPTURE REGISTER
The two 8-bit registers which make up the 16-bit input cap-
ture register are read-only and are used to latch the value of
the free running counter after a defined transition is sensed
by the corresponding input capture edge detector. The level
transition which triggers the counter transfer is defined by
the corresponding input edge bit (IEDG). Reset does not
affect the contents of the input capture register.

The result obtained by an input capture will be one more
than the value of the free running counter on the rising edge
of the intemal processor clock preceding the external transi-
tion (refer to timing diagram shown in Figure 16). This delay
is required for intemal synchronization. Resolution is
affected by the prescaler allowing the timer to only increment
every four internal processor clock cycles.

After a read of the most significant byte of the input capture
register ($14), counter transfer is inhibited until the least sig-
nificant byte ($15) of the input capture register is also read.
This characteristic forces the minimum pulse period attain-
able to be determined by the time used in the capture soft-
ware routine and its interaction with the main program. The
free running counter increments every four internal proces-
sor clock cycles due to the prescaler.

A read of the least significant byte ($15) of the input capture
register does not inhibit the free running counter transfer.
Again, minimum pulse periods are ones which allow soft-
ware to read the least significant byte ($15) and perform
needed operations. There is no conflict between the read of
the input capture register and the free running counter trans-
fer since they occur on opposite edges of the intemal pro-
cessor clock.

TIMER CONTROL REGISTER (TCR)

The timer control register (TCR, location $12) is an 8-bit read!
write register which contains five control bits. Three of these
b~s control interrupts associated with each of the three flag
b~s found in the timer status register (discussed below). The
other two bits control: 1) which edge is significant to the cap-
ture edge detector (i.e., negative or positive), and 2) the next



value to be clocked to the output level register in response to
a successful output compare. The timer control register and
the free running counter are the only sections of the timer
affected by RESET. The TCMP pin is forced low during exter-
nal reset and stays low until a valid compare changes it to a
high. The timer control register is illustrated below followed by
a definition of each bit.

87. ICIE If the input capture interrupt enable (lCIE) bit is
set, a timer interrupt is enabled when the ICF
status flag (in the timer status register) is set. If
the ICIE bit is clear. the interrupt is inhibited.
The ICIE bit is cleared by RESET.

86. OCIE If the output compare interrupt enable (OCIE)
bit is set. a timer interrupt is enabled whenever
the OCF status flag is set. If the OGlE bit is
clear, the interrupt is inhibited. The OGlE bit is
cleared by RESET.

85, TOlE If the timer overflow interrupt enable (TOlE) bit
is set, a timer interrupt is enabled whenever
the TOF status flag (in the timer status regis-
ter) is set. If the TOlE bit is clear. the interrupt
is inhibited. The TOlE bit is cleared by RESET.

81,IEDG The value of the input edge (IEDG) bit deter-
mines which level transition on pin 1 will trigger
a free running counter transfer to the input
capture register. Reset does not affect the
IEDGbit.

o = negative edge
1 = positive edge

80. OLVL The value of the output level (OLVL) bit is
clocked into the output level register by the
next successful output compare and will
appear at pin 2. This bit and the output level
register are cleared by RESET.

o = low output
1 = high output

TIMER STATUS REGISTER (TSR)

The timer status register (TSR) is an 8-bit register of which
the three most significant bits contain read-only status infor-
mation. These three bits indicate the following:

1. A proper transition has taken place at the TCAP pin with
an accompanying transfer of the free running counter
contents to the input capture register,

2. A match has been found between the free running
counter and the output compare register, and

3. A free running counter transition from $FFFF to $0000
has been sensed (timer overflow).

The timer status register is illustrated below followed by a def-
inition of each bit. Refer to timing diagrams shown in Figures
16, 17, and 18 for timing relationship to the timer status regis-
ter bits.

TSR (LOCATION $13)

87. ICF The input capture flag (ICF) is set when a
proper edge has been sensed by the input
capture edge detector. It is cleared by a pro-
cessor access of the timer status register (with
ICF set) fOllowed by accessing the low byte
($15) of the input capture register. Reset does
not affect the input compare flag.

86. OCF The output compare flag (OCF) is set when the
output compare register contents match the
contents of the free running counter. The OGF
is cleared by accessing the timer status regis-
ter (with OGF set) and then accessing the low
byte ($17) of the output compare register.
Reset does not affect the output compare flag.

85, TOF The timer overflow flag (TOF) bit is set by a
transition of the free running counter from
$FFFF to $0000. It is cleared by accessing the
timer status register (with TOF set) followed by
an access of the free running counter least sig-
nificant byte ($19). Reset does not affect the
TOFbit.

Accessing the timer status register satisfies the first condi-
tion required to clear any status bits which happen to be set
during the access. The only remaining step is to provide an
access of the register which is associated with the status bit.
Typically, this presents no problem for the input capture and
output compare functions.

A problem can occur when using the timer overflow function
and reading the free running counter at random times to mea-
sure an elapsed time. Without incorporating the proper pre-
cautions into software. the timer overflow flag could
unintentionally be cleared if: 1) the timer status register is read
or written when TOF is set, and 2) the least significant byte of
the free running counter is read bUl not for the purpose of ser-
vicing the flag. The counter attemate register at address $1A
and $18 contains the same value as the free running counter
(at address $18 and $19); therefore, this attemate register can
be read at any time without affecting the timer overflow flag in
the timer status register.

During STOP and WAIT instructions, the programmable
timer functions as follows: during the wait mode. the timer
continues to operate nonnally and may generate an interrupt
to trigger the CPU out of the wait state; during the stop
mode, the timer holds at its current state, retaining all data.
and resumes operation from this point when an external
interrupt is received.
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bit register which contains three functional bits. The bits con·
trol the source of the Timer input and the main CPU oscilla-
tor start-up delay following a STOP instruction. The
operation of each bit is as described below:

Setting the EOE bit high configures the
TCAPfTOSC1 and TCMPfTOSC2 as an
oscillator amplifier. A crystal or ceramic
resonator network can be connected
across the two pins to form an oscillator.
For accurate counting, after the EOE bit is
set to configure the TCAPfTOSC1 and
TCMPfTOSC2 as an oscillator amplifier
and a crystal or resonator is connected
across the two pins, the user should delay
setting the ECC bit until the oscillator has
stabilized (typically 2-5ms). RESET and
power-up clear the EOE bit.

-- .- ...- . _ ..... --_.
p;ci.·The signal at the TCAPfTOSC1 pin is
divided by four and then applied to the
Timer. This allows counting external
events with a resolution of four, or use of a
frequency different than the main CPU
time base. An external clock source can
be used, or the EOE bit can be set to
allow use of a crystal or resonator. If the
EOE bit is set to configure the TCAP/
TOSC1 and TCMPfTOSC2 as an oscilla-
tor amplifier and a crystal or resonator is
connected across the two pins, the user
should delay setting the ECC bit until the
oscillator has stabilized (typically 2-5ms).
RESET and power-up clear the ECC bit.

Setting the NOEL bit high overrides the
normal 4064 !eve delay which is intro-
duced when exiting from STOP mode via
an interrupt (RESET will clear the NOEL
bit). Instead a 2 teve delay will be intro-
duced. When the RC oscillator mask
option has been chosen, the delay is
always 2 teve and the NOEL bit has no
effect. NOEL is cleared by RESET and
power-up.



mI HARRIS CDP6805F2
CDP6805F2C

CMOS High Performance Silicon Gate
8-Bit Microcontroller

Hardware Features
• Typical Full Speed Operating Power @ 5V •.•.•.•.••••••.•••. 1OmW
• Typical WAIT Mode Power •...•••.•.••.•.•••.•.•.•••.••••••.• 3mW
• Typical STOP Mode Power ....•....•••.•••.•.•.••••••.•.•.•.•. 51lW
• 64 Bytes of On-'Chlp RAM
• 1089 Bytes of On-Chip ROM
• 16 Bidirectional I/O Lines
• 4 Input-Only Lines
• Internal 8-Bit Timer With Software Programmable 7-Blt Prescaler
• External Timer Input
• External and Timer Interrupts
• Master Reset and Power-On Reset
• Single 3V to 6V Supply
• On-Chip Oscillator
• 11ls Cycle Time

Pinout
PACKAGE TYPES D AND E

TOP VIEW

RESET I 28 voo= 2 27 TIMER

NU" 3 2S PCO

ascI 4 2' PCl

OSC2 , 24 PC2

PAD S 23 PC3

PAl 7 22 P80

PA2 8 21 P81

PA3 • 20 P82

PA4 10
"

P83

PA, " 18 P84

PAS 12 17 P8'
PA7 13 IS P8S

vss 14 15 P87

Description
The CDP6805F2 Microcomputer Unit (MCU) belongs to the
CDP6805 Family of CMOS Microcomputers. This 8-bit MCU
contains on-chip oscillator, CPU, RAM, ROM, I/O, and Timer.
Fully static design allows operation at frequencies down to

DC, further reducing its already low-power consumption. It is
a low-power processor designed for low-end to mid-range
applications in the consumer, automotive, industrial, and
communications markets where very low power consumption
constitutes an important factor.

Software Features
• Versatile Interrupt Handling
• True Bit Manipulation

• 10 Addressing Modes

• Efficient Instruction Set

• Memory-Mapped I/O

• User-Callable Self-Check Routines

• Two Power-Saving Standby Modes

Accumulator
A

Index
Register

PAC X

Port PAl Data CondItion

A PA2 .rectlO Code

I/O
PA3 RegIster Register CC
PA4 CPU

Lines PA5
Stack

PA6 POinter
PAl

Program
Counter

High PCH

Program
Counter

Low PCL

l00sx 8
ROM

Self-Check
ROM

Data Port
Dlrectlon B
Register Register

Port
C

Register

CAUTION: These devices ere sensitive to electrostetic discharge. Users should foUow proper LC. Hendling Procedures.

Copyright © Herris Corporetion 1994
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The COP6805F2 and COP6805F2C devices are available in
a 28-lead dual-in-line plastic package (Esuffix), in a28-lead

dual-in-line ceramic package (0 suffix), and in a 28-lead
plastic chip-carrier package (N suffix).

Ratings Symbol Value Unit

Supply Voltage VDD -0.3 to +8 V

All Input Voltages Except OSC1 Vin VSS-05 to VDD+05 V

Current Drain per Pin Excluding VDD and VSS I 10 mA

Operating Temperature Range TL to TH
CDP6805F2 TA o to 70 °C
CDP6805F2C -40 to +85

Storage Temperature Range Tsto -55 to +150 °C

ILoad-

«
25E

Ic.E 6V
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Z
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Characteristics Symbol Min Max Unit
Output Voltage, ILoad S 10.0 p.A VOL - 0.1

VOH VOO-0.1 - V

Output High Voltage IILoad = - 200 p.Al PAD-PA7, PBO-PB7 VOH 4.1 - V
Output Low Voltage, (ILoad = BOOp.AI PAD-PA7, PBO-PB7 VOL - 0.4 V
Input High Voltage

Ports PAO-PAl, PBO-PB7, PCO-PC3
VIH

VOO-2 VOO VTIMER, TIm,Rtm VOO-0.8 VOO
OSC1 VOO-1.5 VOO

Input Low Voltage, All Inputs VIL VSS 0.8 V
Total Supply Current ICL =50 pF on Ports, No dc Loads, tcyc-1 p.sl

RUN (Measured Ouring Self-Check, VIL =0.2 V, VIH = VOO-0.2 VI
100

- 4 mA
WAIT ISee Note 21 - 1.5 mA
STOP (See Note 21 - 150 p.A

I/O Ports Input Leakage - PAD-PA7, PBD-PB7 IlL - ±10 ~A
Input Current - ~,TIm, TIMER, OSC1, PCD-PC3 lin - ±1 p.A
Output Capacitance Ports A and B Cout - 12 pF
Input Capacitance - RESET, iRQ, TIMER, OSC1, PCD-PC3 Cin - 8 pF

NOTES:
1. Electrical Characteristics for VOO= 3 V available soon.
2. Test Conditions for 100 are as follows:

All ports programmed as inputs
VIL =0.2 V (PAD-PAl, PBO-PB7, PCO-PC31
VIH=VOO-0.2 V for RESET, iRQ, TIMER
OSC1 input is a square wave lrom 0.2 V to VOO-0.2 V
OSC2 output load=20 pF (WAIT 100 is affected linearly by the OSC2 capacitancel

Characteristics Symbol Min Max Unit
Crystal Oscillator Startup Time ISee Figure 51 toxOV - 100 ms
Stop Recovery Startup Time - Crystal Oscillator (See Figure 61 tlLCH - 100 ms
Timer Pulse Width (See Figure 4) tTH, tTL 05 - tcyc
Reset Pulse Width ISee Figure 51 tRL 1.5 tcyc
I imer ~eriod (:;ee Figure 4) tTLTL 1 tcyc
Interrupt Pulse Width ISee Figure 15) tlUH 1 - tcyc
Interrupt Pulse Period (See Figure 15) tlUL * - tcyc
OSC1 Pulse Width ISee Figure 7) tOH, taL 100 ns
Cycle Time tCYC 1000 - ns
Frequency of Operation

Crystal losc - 4 MHz
External Clock dc 4

*The minimum period, liUL, should not be less than the number of tcyc cycles it takes to execute the interrupt service routines plus 20 tcyc
cycles.

TERMINAL ASSIGNMENT

I~I~ 0:;; '"' 0'" 0., :>
o '"' 0

0 z > ;: .•.
4 3 2 1 2827 26

OSC2

PIN11~

2~ PCl

PAO 6 24 PC2

PAl 7 PC3

PA2 8---+- P80

PA3 9 TOP VIEW PBl

PA4 10 PBl

PA~ PB3
13 14 1~ 16

., .
•• ••.•. .•.

9ZCS-409~2

28-Lead Plastic Chip-Carrier Package
IN Sufflx)

12
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IRQ
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RESET ~=--=-_liLCH~~==._~_192_0ICyc ;~1_

VOO and VSS
Power is supplied to the MCU using these two pins. VOD

is power and VSS is ground.

IRQ (MASKABLE INTERRUPT REQUEST)

IRQ is photomask option selectable with the choice of in-
terrupt sensitivity being both level and negative edge or
negative edge only. The MCU completes the current instruc-
tion before it responds to the request. If iRQis low and the
interrupt mask bit 1I bit) in the condition code register is
clear, the MCU begins an interrupt sequence at the end of
the current instruction.

If the photomask option is selected to include level sen-
sitivity, then the iR"Q input requires an external resistor to
VDD for "wire-OR" operation. See the Interrupt section for
more detail.

~
The RESET input is not required for start-up but can be

used to reset the MCU's internal state and provide an order-
ly software start-up procedure. Refer to the Resets section
for a detailed description.

TIMER

The TIMER input may be used as an external clock for the
on-chip timer. Refer to the Timer section for a detailed
description.

NUM (NON-USER MOOEI

This pin is intended for use in self-check only. User ap-
plications should leave this pin connected to ground through
a 10 kilohm resistor.

OSC1, OSC2

The C0P6805F2 can be configured to accept either a
crystal input or an RC network. Additionally, the internal
clocks can be derived from either a divide-by-two or divide-
by-four of the external frequency (fosc!. Both of these op-
tions are photomask selectable.

RC - If the RC oscillator option is selected, then a resistor
is connected to the oscillator pins as shown in Figure 71b!.
The relationship between Rand fosc is shown in Figure 8.

CRYSTAL - The circuit shown in Figure 7(a) is recom-
mended when using a crystal. The internal oscillator is
designed to interface with an AT-cut parallel resonant quartz
crystal resonator in the frequency range specified for fosc in
the electical characteristics table. Using an external CMOS
oscillator is suggested when crystals outside the specified
ranges are to be used. The crystal and components should
be mounted as close as possible to the input pins to minimize
output distortion and start-up stabilization time. Crystal fre-
quency limits are also affected by VOD. Refer to Table 1,
Control Timing Characteristics, for limits.

EXTERNAL CLOCK - An external clock should be ap-
plied to the OSCl input with the OSC2 input not connected,
as shown in Figure 7(c!. An external clock may be used with
either the RC or crystal oscillator mask option. tOXOV or
tlLCH do not apply when using an external clock input.

PAo-PA7

These eight 1/0 lines comprise Port A. The state of any pin
is software programmable. Refer to the InputlOutput Pro-
gramming section for a detailed description.



1 MHz 4 MHz Units

RSMAX 400 75 0

Co 5 7 pF

C, 0.008 0.012 I'F

COSCl 15-40 15-30 pF

COSC2 15-30 15-25 pF

Rp 10 10 MO

Q 30k 40k -

OSCl OSC2

4 Rp 5

~ COSC2

05Cl

4

OSC2

5
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Fig. 8 - Typical frequency vs. resistance
for RC oscil/ator option only.

Internal
CDP6805F2
Connections

Typical Port
Data Direction

Register

Typical Pon
Register

PBo-PB7
These eight lines comprise Port B. The state of any pin is

software programmable. Refer to the Input/Output Pro-
gramming section for a detailed description.

PCo-PC3
These four lines comprise Port C. a fixed input port. When

Port C is read. the four most-significant bits on the data bus
are "1s" . There is no data direction register associated with
Port C.

INPUT/OUTPUT PROGRAMMING
Any Port A or B pin may be software programmed as an

input or output by the state of the corresponding bit in the
port data direction register lDDRI. A pin is configured as an
output if its corresponding DDR bit is set to a logic "1". A
pin is configured as an input if its corresponding DDR bit is
cleared to a logic "0". At reset. all DDRs are cleared. which
configures all port pins as inputs. A port pin configured as an
output will output the data in the corresponding bit of its
port data latch. Refer to Figure 9 and Table 2.

R/W DDR 110 Pin Function
a a The 110 pin IS In Input mode. Data ISwritten Into the output data latch.
a 1 Data ISwritten into the output data latch and output to the 110 pin.
1 a The state of the 110 Pin IS read.
1 1 The 110 pin IS In an outnjJt mode. The output data latch IS read

~
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r-np6Rn!lF~.
pins to a logic "1" then executing a reset. After reset, the
following five tests are executed automatically:

I/O - Functionally Exercise Ports A, B, C

RAM - Walking Bit Test
ROM - Exclusive OR with ODD "1s" Parity Result

Timer - Functionally Exercise Timer

Interrupts - Functionally Exercise External and Timer In-
terrupts

Self-check results are shown in Table 3. The following
subroutines are available to user programs and do not re-
quire any external hardware.

PB3 PB2 PBt PBO Remarks
1 0 1 1 Bad Timer
1 1 0 0 Bad RAM
1 1 0 1 Bad ROM
1 1 t 0 Bad Interrupt or Request Flag

All Cycling Good Part
All Others Bad Part

RAM SELF-CHECK SUBROUTINE
Returns with the 2 bit clear if any error is detected; other-

wise, the 2 bit is set.

CnP~"l'<>cf~?e~odllied. All RAM locations except the top 2
are modified. (Enter at location $788.l

ROM CHECKSUM SUBROUTINE

Returns with 2 bit cleared if any error was found; other-
wise 2 = 1, X = 0 on return, and A is zero it the test passed.
RAM locations $41-$44 are overwritten. (Enter at location
$7A4.1

TIMER TEST SUBROUTINE

Return with 2 bit cleared if any error was found; otherwise
2=1.

This routine runs a simple test on the timer. In order to
work correctly as a user subroutine, the internal clock must
be the clocking source and interrupts must be disabled.
Also, on exit, the clock will be running and the interrupt
mask will not be set, so the caller must protect himself from
interrupts if necessary.

A and X register contents are lost; this routine counts how
many times the clock counts in 128 cycles. The number of
counts should be a power of two since the prescaler is a
power of two. If not, the timer probably is not counting cor-
rectly. The routine also detects if the timer is running at all.
(Enter at location $7BE.1

RESET Voo 28
u. 2

IRQ
27

RESEt~
TIMER

3
NUM 26

PCO

XTAL
4

OSC1 PC1 25

XTAL 5
OSC2 PC2 24

6
PAO 23PC3

7 22
PAl

COP6805F2
P80

8 21
PA2 PB1

9
PA3 PB2 20

10
PA4 PB3 19

PA5 PB4 18

} ,,,' 'ow, '0''''''00PA6 PB5 17

PA7 PB6 16

VSS PB7
15

92CS-38002

Fig. 10 - Self-check pinout configuration.



The CDP6805F2 has a total address space of 2048 bytes
of memory and 1/0 registers. The address space is shown in
Figure 11.

The first 128 bytes of memory (first half of page zero) is
comprised of the 1/0 port locations, timer locations, and 64
bytes of RAM. The next 1079 bytes comprise the user ROM.
The 10 highest address bytes contain the reset and interrupt
vectors.

Access
Via

Page 0
DIrect

Addressing

1919
1920

2037

f
2038

User
Defined
Interrupt
Vectors

2047

(~
256

110 Ports
Timer
RAM

1079 Bytes
User ROM

73 Bytes
Self-Check ROM

640 Bytes
Unused*

11B Bytes
Self-Check ROM

--------- --- -
Timer Interrupt From Wait State Only-----------

Timer Interrupt----
External Interrupt----

SWI----
RESET

The stack pointer is used to address data stored on the
stack. Data is stored on the stack during interrupts and
subroutine calls. At power-up, the stack pointer is set to $7F
and it is decremented as data is pushed on the stack. When
data is removed from the stack, the stack pointer is in-
cremented. A maximum of 32 bytes of RAM are available for
stack usage. Since most programs use only a small part of
the allocated stack locations for interrupts andlor subroutine
stacking purposes, the unused bytes are available for pro-
gram data storage.

sOOOO 0

s007F 2

SOO8O 3
\ 4sOOFF

s0100 5

6

7

B

9

s04B6 10
s04B7

s04FF
s0500 63

64

s077F
s0760 95

96
S07F5
S07F6s07F7,
s07FB s07F9

S07FAS07FB
I

s07FC s07FD

s07FE s07FF
127

Port A Data Register

Port B Data Register

1 1 1 1 I Port C

Unused *

Port A Data Direction Register

Port B Data Direction Register

Unused*

Unused *

Timer Data Register

Timer Control Register

54 Bytes
Unused*

RAM
164Bytesl

- /7
.•..

.•..
/

/
/

/
/

.......... Stack 132 Bytes MaxI
•....

+•....

/

SOOOO

sOOOl

s0002

S0003

sOOO4 en
0:

$0005 O~
sOOO5

0: ....
00

$0007
_0:
:it-

sOOO8
Z
0

$0009 0

sOOOA

s003F
sOO4O



The CDP6805F2 contains five registers as shown in the
programming modellFigure 121. The interrupt stacking order
is shown in Figure 13.

ACCUMULATOR (A)

This accumulator is an 8-bit general purpose register used
to hold operands and results of the arithmetic calculations
and data manipulations.

INDEX REGISTER (X)

The X register is an 8-bit register which is used during the
indexed modes of addressing. It provides the 8-bit operand
which is used to create an effective address. The index
register is also used for data manipulations with the read-
modify-write type of instructions and as a temporary storage
register when not performing addressing operations.

PROGRAM COUNTER (PC)

The program counter is an 11-bit register that contains the
address of the next instruction to be executed by the pro-
cessor.

STACK POINTER (SP)

The stack pointer is an 11-bit register containing the ad-
dress of the next free location on the stack. When accessing
memory, the six most-significant bits are appended to the
five least-significant register bits to produce an address
within the range of $7F to $60. The stack area of RAM is
used to store the return address on subroutine calls and the
machine state during interrupts. During external or power-on
reset, and during a "reset stack pointer" instruction, the
stack pointer is set to its upper limit ($7F1. Nested interrupts
and/ or subroutines may use up to 32 (decimall locations
beyond which the stack pointer "wraps around" and points
to its upper limit thereby losing the previously stored infor-
mation. A subroutine call occupies two RAM bytes on the
stack, while an interrupt uses five bytes.

7 0

I A I Accumulator

7 0

I X I Index Register

10 0

I PC I Program Counter

10 5 4 0

~ SP I Stack Pointer

Condition Code Register

Carry/Borrow

Zero

Negative

Interrupt Mask

Half Carry

Stack

n
T

Condition Code Register

Accumulator

IncreaSing Memory 1~
Addresses U

R 0
N

NOTE: Since the Stack Pointer decrements during pushes, the PCl is
stacked first, followed by PCH, etc. Pulling frQm the stack is In
the reverse order.



CONDITION CODE REGISTER (CC)
The condition code register is a 5-bit register which in-

dicates the results of the instruction just executed. These
bits can be individually tested by a program and specific ac-
tion taken as a result of their state. Each bit is explained in
the following paragraphs.

HALF CARRY BIT (H) - The H bit is set to a "'" when a
carry occurs between bits 3 and 4 of the ALU during an ADD
or ADC instruction. The H bit is useful in binary coded
decimal subroutines.

INTERRUPT MASK BIT (I) - When the I bit is set, both
the external interrupt and the timer interrupt are disabled.
Clearing this bit enables the above interrupts. If an interrupt
occurs while the I bit is set, the interrupt is latched and is
processed when the I bit is next cleared:

NEGATIVE (N) - Indicates that the result of the last
arithmetic, logical, or data manipulation is negative (bit 7 in
the result is a logical "'''l.

ZERO (Z) - Indicates that the result of the last arithmetic,
logical, or data manipulation is zero.

CARRY/BORROW (C) - Indicates that a carry or borrow
out of the arithmetic logic unit IALUI occurred during the
last arithmetic operation, This bit is also affected during bit
test and branch instructions, shifts, and rotates,

The CDP6805F2 has two reset modes: an active low ex-
ternal reset pin (RESETI and a power-on reset function; refer
to Figure 5,

RESET
The RES ET input pin is used to reset the MCU to provide

an orderly software start-up procedure. When using the ex-
ternal reset mode, the RESET pin must stay low for a
minimum of one tRL. The RESET pin is provided with a
Schmitt Trigger input to improve its noise immunity.

POWER-ON RESET
The power-on reset occurs when a positive transition is

detected on VDD, The power-on reset is used strictly for
power turn-on conditions and should not be used to detect
any drops in the power supply voltage. There is no provision

for a power-down reset. The power-on circuitry provides for
a '920 tcyc delay from the time of the first oscillator opera-
tion. If the external RESET pin is low at the end of the '920
time out, the processor remains in the reset condition.

Either of the two types of reset conditions causes the
following to occur:

• Timer control register interrupt request bit (TCR7) is
cleared to a "0".

• Timer control register interrupt mask bit (TCR6) is set
to a"'''.

• All data direction register bits are cleared to a "0". All
ports are defined as inputs.

• Stack pointer is set to $7F.
• The internal address bus is forced to the reset vector

($7FE, $7FFl.
• Condition code register interrupt mask bit (I) is set to a

"''',
• STOP and WAIT latches are reset.
• External interrupt latch is reset.
All other functions, such as other registers (including out-

put ports), the timer, etc., are not cleared by the reset condi-
tions.

Systems often require that normal processing be inter-
rupted so that some external event may be serviced. The
CDP6805F2 may be interrupted by one of three different
methods, either one of two maskable interrupts (external in-
put or timer) or a non-maskable software interrupt (SWIl.

Interrupts cause the processor registers to be saved on the
stack and the interrupt mask set to prevent additional inter-
rupts. The RTI instruction causes the register contents to be
recovered from the stack and return to normal processing.
The stacking order is shown in Figure '3.

Unlike RESET, hardware interrupts do not cause the cur-
rent instruction execution to be halted, but are considered
pending until the current instruction execution is complete.

When the current instruction is complete, the processor
checks all pending hardware interrupts and if unmasked,
proceeds with interrupt processing; otherwise, the next in-
struction is fetched and executed. Note that masked inter-
rupts are latched for later interrupt service.

If both an external interrupt and a timer interrupt are pend-
ing at the end of an instruction execution, the external in-
terrupt is serviced first. The SWI is executed as any other in-
struction. Refer to Figure '4 for the interrupt and instruction
processing sequence.
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interrupt mask bit (I bill are both cleared. When the interrupt
is recognized, the current state of the machine is pushed on-
to the stack and the interrupt mask bit in the condition code
register is set. This mask prevents further interrupts until the
present one is serviced. The processor now vectors to the

1-1 Bit (in CCAI
07F-SP
O-DDAs

CLA IAQ LogiC
FF-Timer

7F-Prescaler
7F-TCA

Load PC
from

7FE17FF
Execute All
Instruction

Cycles

VI "III V OIIU vir, ~JJt:1(';IIY l.ne timer servIce routine aaOress.
Software must be used to clear the timer interrupt request
bit (TeRll. At the end of the timer interrupt service routine,
the software normally executes an RTI instruction which
restores the machine state and starts executing the inter-
rupted program.

lear
IAQ

Aequest
Latch

Load PC From:
SWI: 7FC17FD
IAQ: 7FA17FB

TlMEA: 7FB17F9
Timer Wait: 7F617F7



EXTERNAL INTERRUPT
Either level- and edge-sensitive or edge-sensitive only in-

puts are available as mask options. If the interrupt mask bit
of the condition code register is cleared and the external in-
terrupt pin (i"!1Ol is "low" or a negative edge has set the in-
ternal interrupt flip-flop, then the external interrupt occurs.
The action of the external interrupt is identical to the timer
except that the service routine address is specified by the
contents of $7FA and $7FB. Figure 15 shows both a func-
tional diagram and timing for the interrupt line. The timing
diagram shows two different treatments of the interrupt line
IrR'll) to the processor. The first method is single pulses on
the interrupt line spaced far enough apart to be serviced. The
minimum time between pulses is a function of the length of
the interrupt service routine. Once a pulse occurs, the next
pulse should not occur until the MPU software has exited the
routine (an RTI occurs). This time (tIULI is obtained by ad-
ding 20 instruction cycles (tcyc) to the total number of cycles
it takes to complete the service routine including the RTI in-

struction; refer to Figure 15. The second configuration
shows many interrupt lines "wire ORed" to form the inter-
rupts at the processor. Thus, if after servicing an interrupt
the IRQ remains low, then the next interrupt is recognized.

SOFTWARE INTERRUPT (SWIl
The software interrupt is an executable instruction. The

action of the SWI instruction is similar to the hardware inter-
rupts. The SWI is executed regardless of the state of the in-
terrupt mask in the condition code register. The service
routine address is specified by the contents of memory loca-
tions $7FC and $7FD.

The following three functions are not strictly interrupts,
however, they are tied very closely to the interrupts. These
functions are RESET, STOP, and WAIT.

RESET - The RESET input pin and the internal power-on
reset function each cause the program to vector to an in-
itialization program. This vector is specified by the contents

External
Interrupt
Request

External Reset
External Interrupt
Being Serviced

Edge Condition
The minimum pulse width ItlliHI is one
tcyc. The period tlllL should not be less
than the number of tcyc cycles it takes to
execute the interrupt service routine plus
20 tcyc cycles.

IRQ~tILIH u
~~li'lIL~1

IRQ IMPUII •.... _

Mask Optional Level Sensitive
If aher servicing an interrupt the IRQ re-
mains low, then the next interrupt is
recognized.

IR.Ql~ tUH==-l
••iROn



of memory locations $7FE and $7FF. The interrupt mask of
the condition code register is also set. See preceding section
on Reset for details.

STOP - The STOP instruction places the CDP6805F2 in
its lowest power consumption mode. In the STOP function,
the internal oscillator is turned off causing all internal pro-
cessing and the timer to be halted; refer to Figure 16.

During the STOP mode, timer control register (TCRI bits 6
and 7 are altered to remove any pending timer interrupt re-
quests and to disable any further timing interrupts. External
interrupts are enabled in the condition code register. All
other registers and memory remain unaltered. All I/O lines
remain unchanged. The processor can only be brought out
of the STOP mode by an external IRQ or RESET.

S top Oscillator
And All Clocks
TCR Bit 7-0

Bit6-1
Clear I Mask

WAIT - The WAIT instruction places the CDP6805F2 in
a low-power consumption mode, but the WAIT mode con-
sumes somewhat more power than the STOP mode. In the
WAIT mode, the internal clock is disabled from all internal
circuitry except the timer circuit; refer to Figure 17. Thus, all
internal processing is halted, however, the timer continues
to count normally.

During the WAIT mode, the I bit in the condition code
register is cleared to enable interrupts. All other registers,
memory, and I/O lines remain in their last state. The timer
may be enabled by software prior to entering the WAIT
mode to allow a periodic exit from the WAIT mode. If an ex-
ternal and a timer interrupt occur at the same time, the exter-
nal interrupt is serviced first; then, if the timer interrupt re-
quest is not cleared in the external interrupt routine, the nor-
mal timer interrupt (not the timer WAIT interrupti is serviced
since the MCU is no longer in the WAIT mode.

The MCU timer contains an 8-bit software programmable
counter with a 7-bit software selectable prescaler. Figure 18
contains a block diagram of the timer. The counter may be
preset under program control and decrements towards zero.
When the counter decrements to zero, the timer interrupt re-
quest bit (i.e., bit 7 of the timer control register (TCR)) is set.
Then, if the timer interrupt is not masked (i.e., bit 6 of the
TCR and the I bit in the condition code register are both
cleared) the processor receives an interrupt. After comple-
tion of the current instruction, the processor proceeds to
store the appropriate registers on the stack and then fetches
the timer vector address from locations $7F8 and $7F9 (or
$7F6 and $7F7 if in the WAIT model in order to begin servic-
ing.

The counter continues to count after it reaches zero allow-
ing the software to determine the number of internal or ex-
ternal input clocks since the timer interrupt request bit was
set. The counter may be read at any time by the processor
without disturbing the count. The contents of the counter
become stable, prior to the read portion of a cycle, and do
not change during the read. The timer interrupt request bit
remains set until cleared by the software. TCR7 may also be
used as a scanned status bit in a non-interrupt mode of
operation (TCR6= 11.

The prescaler is a 7-bit divider which is used to extend the
maximum length of the timer. Bit 0, bit 1, and bit 2 of the
TCR are programmed to choose the appropriate prescaler
output within the range of .•. 1 to .•. 128 which is used as the
counter input. The processor cannot write into or read from
the prescaler, however, its contents are cleared to all "Os" by
the write operation into TCR when bit 3 of the written data
equals one. This allows for truncation-free counting.

The timer input can be configured for three different
operating modes plus a disable mode depending on the value
written to the TCR4 and TCR5 control bits. Refer to the
Timer Control Register section.

TIMER INPUT MODE 1

If TCR5 and TCR4 are both programmed to a "0", the in-
put to the timer is from an internal clock and the TIMER in-
put pin is disabled. The internal clock mode can be used for



Oscillator Active
Clear I-Bit

Timer Clock Active
All Other Clocks

Stop

Fetch External
Interrupt, Reset,

or Timer Interrupt
Vector lfrom Wait

Mode only)

periodic interrupt generation as well as a reference in fre-
quency and event measurement. The internal clock is the in-
struction cycle clock. During a WAIT instruction, the internal
clock to the timer continues to run at its normal rate.

TIMER INPUT MODE 3
If TCR5= 1 and TCR4=O, all inputs to the timer are dis-

abled.

TIMER INPUT MODE 2
With TCR5=O and TCR4= 1, the internal clock and the

TIMER input pin are ANDed to form the timer input signal.
This mode can be used to measure external pulse widths.
The external timer input pulse simply turns on the internal
clock for the duration of the pulse. The resolution of the
count in this mode is ± one internal clock and therefore. ac-
curacy improves with longer input pulse widths.

TIMER INPUT MODE 4
If TCR5= 1 and TCR4= 1, the internal clock input to the

timer is disabled and the TIMER input pin.becomes the input
to the timer. The timer can, in this mode, be used to count
external events as well as external frequencies for generating
periodic interrupts. The counter is clocked on the falling
edge of the external signal.

Figure 18 shows a block diagram of the timer subsystem.
Power-on reset and the STOP instruction invalidate the con-
tents of the counter.



NOTES:
1. Prescaler and 8-bit counter are clocked filling edge of the Internal clock (AS) or e.ternal

Input.
2. Counter is written to during o.t. Strobe (OS) and count. down continuoualy.

TCR3 - Timer Prescaler Reset bit: writing a "1" to this bit
resets the prescaler to zero. A read of this location always in-
dicates "0". (Unaffected by ~.)

TCR2, TCR1, TCRO - Prescaler select bits: decoded to
select one of eight outputs on the prescaler. (Unaffected by
~.)

TCR7 - Timer interrupt request bit: bit used to indicate
the timer interrupt when it is logic "1"

1 - Set whenever the counter decrements to zero or
under program control.

o - Cleared on external mrr, power-on reset, STOP
instruction, or program control.

TCR6 - Timer interrupt mask bit: when this bit is a logic
"1", it inhibits the timer interrupt to the processor.

1 - Set on external mrr, power-on reset, STOP in-
struction, or program control.

o - Cleared under program control.

TCR5 - External or internal bit: selects the input clock
source to be either the external timer pin or the internal
clock. (Unaffected by Atm.)

1 -. Select external clock source.
o - Select internal clock source.

TCR4 - External enable bit: control bit used to enable the
external TIMER pin. (Unaffected by~.l

1 - Enable external TIMER pin.
o - Disable external TIMER pin.

TCR5 TCR4

0 0 Internal Clock to Timer

0 1 AND of Internal Clock and TIMER
Pin to Timer

1 0 Inputs to Timer Disabled
1 1 TIMER Pin to Timer

TCR2 TCR1 TCRO Result

0 0 0 +1

0 0 1 +2

0 1 0 +4

0 1 1 +8

1 0 0 +16

1 0 1 +32

1 1 0 +64

1 1 1 +128



m HARRIS CDP6805G2CDP6805G2C
CMOS High Performance Silicon Gate

8-Bit Microcontroller

Features
• Typical Full Speed Operating Power at 5V .••••••••••..•.•.....•...... 12mW
• Typical WAIT Mode Power ..........................••••••••.•.••..... 4mW
• Typical STOP Mode Power ........•............•.•..........•••.••.••.• 5JlW
• Fully Static Operation
• On-Chip RAM .......•...•.•........•..•.•.•..•....••..••..•..••• 112 Bytes
• On-Chip ROM ••.•...••••.•.....•...•.•..•••................•... 2106 Bytes
• Bidirectional I/O Lines ..••.••.••••.••••••••••••••.••....•..•..•....••.•.. 32
• High Current Drive
• Internal a-Bit Timer With Software Programmable 7-Blt Prescaler
• External Timer Input
• External Interrupts And Timer Interrupts
• Self Check Mode
• Master Reset And Power On/Reset
• Single 3V to 6V Supply
• On-Chip Oscillator With RC or Crystal Mask Options
• True Bit Manipulation
• Addressing Modes With Indexed Addressing for Tables

Pinout
PACKAGE TYPES 0 AND E

TOP VIEW

Jfl!'lT" I 40 "'00
m l! 39 CSCI
NUM 3 38 CSC2
Pit., •• n TIMER
""6 5 )6 POT
P., 6 35 P06
No4 ., ].4 POS

PAl • 33 PO"
PAl! 9 32 POl
PAl 10 31 POZ
PAD II 30 PO'
P80 12 29 POD
P81 13 28 peo
P82 14 27 PCI
P83 IS 26 PCl!
P84 16 25 PC]
P85 17 24 PC"
P86 18 23 PC:5
P81.9 U PC6
V55 20 21 PCT

92C5-"''''

Description
The CDP6805G2 Microcomputer Unit (MCU)belongs to the
CDP6805 Family of Microcomputers. This a-bit MCU con-
tains on chip oscillator, CPU, RAM, ROM, I/O, and Timer.
Thefully static design allows operation at frequencies down
to DC, further reducing its already low power consumption.
It is a low power processor designed for low end to mid

range applications in the consumer, automotive, industrial
and communications markets where very low power
consumption constitutes an important factor. The
CDP6805G2 and CDP6805G2C are available in a 40 lead
dual-in-line plastic package (E suffix) and in a 40 lead
dual-in-line sidebrazed ceramic package (D suffix).

PBO
Accumulator PCO

PBI
POri PB2

B A PCI POrlCPU Oala Port PC2
B PB3 Pori 0.11.1 Index CControl Djr C PC3

I/O PB4 B Oir AC!,lisler 110
Reg n~J X Reg Reu PC4 LinesLines rB5

PB6 COlllhilUIl PC5
Codc PC6

PB7 Acgisler CC PC7
CPU

Slack

PAO POrtlier S POO
PAl Program POI PortPori PA2 Pori Data Counter DalB Port Po2

A PA3 A Oir High PCH Oir 0 Po3
0

I/O
ALU 110PM Reg Reg Program Reg Reg P04

Lines PA5 Countnr Po5
Lrnes

PA6 8 low PCl P06
PA7 P07

19BxB
Self-Check

ROM

CAUTION: These devices are sansitive to electrostatic discharge. Usars should follow propsr I.C. Hendling Procedures.
Copyright @ Harris Corporetion 1994

~
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:lEI-zoo



CDP6805G~CDP6805G2C
MAXIMUM RATINGS (Voltages Referenced to VSS)

Ratln". Symbol Value Unit
Supply Voltage VOO -0.3 to +8 V
All Input Voltages Except OSC1 Vin VSS-0.5 to VOO+O·5 V
Current Drain Per Pin Excluding VOO and VSS I 10 mA
Operating Temperature Range TL TH

COP6805G2 TA o to +70 'C
COP6805G2C -40 to +85

Storage Temperature Range T.tg -55 to +150 'C
Current Drain Total (P04-P07 only) IOH 40 mA

Characteristics Symbol Value Unit

Thermal Resistance
Plastic 100

Ceramic 6JA 50 ·C/W

This device contains circuitry to protect the
inputs against damage due to high static
voltages of electric fields; however, it is ad-
vised that normal precautions be taken to
avoid application of any voltage higher than
maximum rated voltages to this high im-
pedance circuit. For proper operation it is
recommended that Vin and Vout be con-
strained to the range Vss,. (V in or
Vout)" VOO· Reliability of operation is
enhanced if unused inputs except OSC2 and
NUM are tied to an appropriate logic voltage
level (e.g., either VSS or VOOI.

VOO=4.5V

Port R1 R2
Band C 24.3 kO 4.32 kO

A. POO-PD3 1.21 kO 3.1 kO
P04-P07 3000 1.64 kO

ILoad-

4.0

-0
.9

C VOO=6V~
5

3.0u
0>
c:
'§ VOO=5V
Q)c.
0
<;;
"'0.
>- 2.0•...

Internal Frequency l1/tCYCI

Fig. 3 - Typical operating current vs. internal frequency.



Cherecteristics Svmbol Mln Mp Unit
Output Voltage ILoads 1 pA VOL 0.1 V

VOH Voo-0.1 - V

Output High Voltage
1.4 V

!ILoad= - 50 pAl PBO-PB7, PCD-PC7 VOH -

(ILoad= -0.5 mAl PAD-PA7. PDQ-P03 VOH 1.4 V

!ILoad = -2 mAl PD4-P07 VOH 1.4 V

Output Low Voltage
V!ILoad = 300 pA) All Ports VOL - 0.3

PAD-PA7, PBD-PB7, PCD-PC7, POD-P07
Input High Voltage

VooPorts PAD-PA7, PBD-PB7, PCD-PC7, PDQ-P07 VIH 2.7 V
TIMER, IRQ, RESET VIH 2.7 Voo V

OSC1 VIH ~,.7 Voo V
Input Low Voltage All Inputs VIL VSS 0.3 V
Total Supply Current (no dc Loads, tcyc=5 ps)

RUN (measured during self-check, VIL=0.1 V, VIWVoo-0.1 V) 100 - 0.5 mA
WAIT (See Note) 100 200 JJA

STOP (See Note) 100 - 100 ••A
110 Ports Input Leakage

5PAD-PA7, PBD- PB7, PCD-PC7, PDO-Po7 IlL - "A
Input Curr~

lin ±1 "ARESET, IRQ, TIMER, OSC1 -
Capacitance

Ports Cout - 12 pF
RESET, IRQ, TIMER, OSC1 Cin - B pF

Characteristics Symbol Mln Max Unit
Output Voltage ILoads 1O,,,A VOL 0.1 V

VOH Voo-0.1 - V
Output High Voltage

!ILoad = -100 "AI PBD-PB7, PCD-PC7 VOH 2.4 - V

IILoad = -2 mAl PAD-PA7, PDQ-P03 VOH 2.4 - V

IILoad- -8 mAl PD4-P07 VOH 2.4 - V
Output Low Voltage

IILoad = 800 "AI All Ports VOL - 0.4 V
PAD-PA7, PBD-PB7, PCD-PC7, PDQ-P07

Input High Voltage
Ports PAD-PA7, PBD-PB7, PCD-PC7, POD-PD7 VIH Voo-2 Voo V
TIMER, IRQ, RESET.OSC1 VIH VoO--0.8 Voo V

Input Low Voltage All Inputs VIL VSS 0.8 V
Total Supply Current (CL = 50 pF.

on Ports, no dc Loads, tcyc = 1 "s)
RUN (measured during sell-check,

VIL=0.2 V, VIH=VoO-0.2 VI 100 - 4 mA
WAIT (See Note) 100 1.5 mA
STOP (See Note) 100 - 150 ••A

110 Ports Input Leakage
PAD-PA7, PBD- PB7, PCD-PC7, PDQ-P07 IlL - ±10 "A

Input Curr~
RESET, IRQ, TIMER, OSC1 lin - ±1 "A

Capacitance
Ports Cnut - 12 pF
RESET; IRQ, TIMER, OSC1 Cin - 8 pF

NOTE: Test conditions for 100 are as follows:
All ports programmed as inputs
VIL = 0.2 V (PAD-PA7. PBD-PB7, PCD-PC7, PDQ-P071

VIH = VOO-0.2 V for RESET, IRQ, TIMER
OSC1 input is a squarewave from 0.2 V to VOO-0.2 V
OSC2 output loed = 20 pF (wait 100 is affected linearly by the

OSC2 capacitance!.

(f)
0:
WO..J

0:..J
00_0::l:1-
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TABLE 1 - CONTROL TIMING

(VDD=5 Vdc ±1O%. VSS=O. TA=TL to TH,losc=4 MHz)

Characteristics Symbol Min Max Unit
Crvstal Oscillator Startup Time (Fioure 51 toxOV - 100 ms
Stop Recovery Startup Time (Crystal Oscillator! (Figure 61 tlLCH - 100 ms
Timer Pulse Width (Fioure 41 tTH. tTL 0.5 - tcyc
Reset Pulse Width (Fioure 51 tRL 1.5 - tcyc
Timer Period (Figure 41 tTLTL 1 - tcyc
Interrupt Pulse Width Low (Figure 151 tlLlH 1 - tcyc
Interrupt Pulse Period (Figure 151 tlLlL * - tCYC
OSC1 Pulse Width tOH. taL 100 - ns
Cycle Time tcyc' 1000 - ns
Frequency 01 Operation

loseCrystal - 4 MHz
External Clock rosc DC MHz

(
Timer)
Pin 37

I
I,,--------------------
Lctizzzz1Z7ZI/Z7J2Z7Z71ZZI//Z///////I/I/I///27J7/Z/I/////777777//1
I I I
I I I
,- -I- -, 1920tc,c

I i'c,c1
r"'lJ"

INTERNAL
ADDRESS

BUS *

INTERNAL
DATA
BUS*

i=IRL=¥
*INTERNAL TIMING SIGNAL AND BUS INFORMATION NOT AVAILABLE EXTERNALLY

1111asCI LINE IS NOT MEANT TO REPRESENT FREQUENCY.
IT IS ONLY USED TO REPRESENT TIME.



(Oiii~*~ee ~W////t///1:f4
SENSiTIVE

ONLY

~ 'LCH ---- 1920 'e",
RUn

* INTERNAL TIMING SIGNALS NOT AVAILABLE EXTERNALLY.
** REPRESENTS THE INTERNAL GATING OF THE OSCI INPUT PIN.

92CS'38101

FUNCTIONAL ~I~.~E:~C:!,IPTION
VDD and VSS

Power is supplied to the MCU using these two pins. VOO
is power and VSS is ground.

iFRi (MASKABLE INTERRUPT REQUEST)
me is mask option selectable with the choice of interrupt

sensitivity being both level- and negative-edge or negative-
edge only.The MCU completes the current instruction
before it responds to the request. If me is low and the inter-
rupt mask bit (I bit) in the condition code register is clear, the
MCU begins an interrupt sequence at the end of the current
instruction.

If the mask option is selected to include level sensitivity,
then the iRQ input requires an external resistor to VOO for
"wire-OR" operation. See the Interrupt section for more
detail.

~
The RESET input is not required for start-up but can be

used to reset the MCU's internal state and provide an orderly
software start-up procedure. Refer to the Resetsection for a
detailed description.

TIMER
The TIMER input may be used as an external clock for the

on-chip timer. Refer to Timer section for a detailed descrip-
tion.

NUM - NON-USER MODE
This pin is intended for use in self-check only. User ap-

plications should connect this pin to ground through a 10 kO
resistor.

OSC1, OSC2
The CDP6805G2 can be configured to accept either a

crystal Input or an RC network. Additionally, the Internal
clocks can be derived by either a dlvlde-by-two or divide-
by-four of the external frequency (fOSC). Both of these
options are mask selectable.

RC - If the RCoscillator option is selected. then a resistor
is connected to the oscillator pins as shown in Figure 7(bl.
The relationship between Rand fosc is shown in Figure 8.

CRYSTAL - The circuit shown in Figure 7(a) is recom-
mended when using a crystal. The internal oscillator is
designed to interface with an AT-cut parallel resonant quartz
crystal resonator in the frequency range specified for fosc in
the electrical characteristics table. Using an external CMOS
oscillator is suggested when crystals outside the specified
ranges are to be used. The crystal and components should
be mounted as close as possible to the input pins to minimize
output distortion and start-up stabilization time. Crystal fre-
quency limits are also affected by VDD. Refer to Control
Timing Characteristics for limits. See Table 1.

~
EXTERNAL CLOCK - An external clock should be ap-

plied to the OSC1 input with the OSC2 input not connected.
as shown in Figure 7(c). An external clock may be used with
either the RC or crystal oscillator mask option. toxOV or
tlLCH do not apply when using an external clock input.



1 MHz 4 MHz Units
RSMAX 400 75 Q

Co 5 7 pF
C, 0.00l 0.012 ~F

CaSCl 15-40 15-30 pF

CaSC2 15-30 15-25 pF

Rp 10 10 MQ
a 30 40 -

CDP6805G2
ascI aSC2

39 Rp 38 ~:,,~ r~'
-38-----.101 39

aSC1

39

aSC2

38

10,•
i •
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PAo-PA7
These eight I/O lines comprise Port A. The state of any

pin is software programmable. Refer to Input/Output Pro-
gramming section for a detailed description.

PDQ-P07
These eight lines comprise Port D. PD4-PD7 also are

capable of driving LED's directly. The state of any pin is soft-
ware programmable. Refer to the Input/Output Programing
section for a detailed description.

INPUT/OUTPUT PROGRAMMING
Any port pin may be software programmed as an input or

output by the state of the corresponding bit in the port Data
Direction Register lDDRI. A pin is configured as an output if
its corresponding DDR bit is set to a logic '1.' A pin is con-
figured as an input if its corresponding DDR bit is cleared to
a logic '0.' At reset, all DDRs are cleared, which configures
all port pins as inputs. A port pin configured as an output
will output the data in the corresponding bit of its port data
latch. Refer to Figure 9 and Table 2.

PBo-PB7
These eight lines comprise Port B. The state of any pin is

software programmable. Refer to Input/Output Program-
ming section for a detailed description.

peo-PC7
These eight lines comprise Port C. The state of any pin is

software programmable. Refer to the Input/Output Pro-
gramming section for a detailed description.

Internal
CDP6805G2
Connections

Typical Port
Data Direction

Register

Typical Port
Register

R/W DDR 110 Pin Function
0 0 The 110 pin is in input mode. Data is written into the output data latch.
0 1 Data is written into the output data latch and output to the 110 pin.
1 0 The state of the 110 pin is read.
1 1 The 110 pin is in an output mode. The output data latch IS read.

f/)a:
6~a:...1
~O:Ie:zou



"1J

R""E"SET 1

40 lOkOVDD
37 10kO

TIMER
3 10kO

NUM
39OSC1

10MO ~CDP6805G2 4M

OSC2 38 T
- 2

4 IRQ.....- PA7 ~5 PD7
PA6 356 PD6
PA5 347 PD5
PM 338 PD4

>-- PA3 329 PD3
PA2 3110 PD2 I,~,PAl 30 Ind11 PD1

'PAO 29PDO

12 PCO 1L,
l-- P80 2713 PC1

PB1 2614 PC2
PB2 2515 PC3
PB3 ~16 PC4

>- PB4 2317 PC5
PB5 2218 PC6
PB6 2119 PC7
PB7

VSS NOTE: The RC Os

120
May Be Use

SELF-CHECK
The CDP6805G2 self-check is performed using the circuit

in Figure 10. Self-check is initiated by tying NUM and
TIMER pins to a logic 1 then executing a reset. After reset,
five subroutines are called that execute th_efollowing tests:

1/0- Functionally exercise port A, B, C, D
RAM - Walking bit test
ROM- Exclusive OR with odd 1's parity result
Timer- Functionally exercise timer
Interrupts - Functionally exercise external and timer inter-

rupts
Self-check results are shown in Table 3. The following

subroutines are available to user programs and do not re-
quire any external hardware.

RAM SELF-CHECK SUBROUTINE
Returns with the Z-bit clear if any error is detected; other-

wise the Z-bit is set.
The RAM test must be called with the stack pointer at

$07F. When run, the test checks every RAM cell except for
$07Fand $07Ewhich are assumed to contain the return ad-
dress.

A and X are modified. All RAM locations except the
top 2 are modified. (Enter at location $1F80.)

ROM CHECKSUM SUBROUTINE
Returns with Z-bit cleared if any error was found,

otherwise Z = 1. X = 0 on return, and A is zero if the test
passed. RAM locations $040-$043 are overwritten.
(Enter at location $1F9B.)
TIMER TEST SUBROUTINE

Return with Z-bit cleared if any error was found; otherwise
Z=1.

This routine runs a simple test on the timer. In order to
work correctly as a user subroutine, the internal clock must
be the clocking source and interrupts must be disabled.
Also, on exit, the clock will be running and the interrupt
mask not set so the caller must protect himself from inter-
rupts if necessary

A and X register contents are lost; this routine counts
how many times the clock counts in 128 cycles. The
number of counts should be a power of two since the
prescaler is a power of two. If not, the timer probably is
not counting correctly. The routine also detects if the
timer is running at all. (Enter at location $1FB5.)
MEMORY

The CDP6805G2 has a total address space of 8192 by1es
of memory and I/O registers. The address space is shown in
Figure 11.

r-J:F
Hz -

20 pF

~

cillator Option
d In This Circuit.



Access
Via

Page 0
Direct

Addressing

8063

8064

{
8181
8182

User
Defined
Interrupt
Vectors

8191

P03 PD2 POl PDQ Remarks

1 0 1 0 Bad 1/0

1 0 1 1 Bad Timer

1 1 0 0 Bad RAM

1 1 0 1 Bad ROM

1 1 1 0 Bad Interrupt or Request Flag

All Cycling Good Part

All Others tsaa t'art

{:~
255

1/0 Ports
Timer
RAM

2096 Bytes
User ROM

BO Bytes

Self-Check ROM

5760 Bytes

Unused"

118 Bytes

Self-Check ROM~------------
Timer Interrupt From Wait State Only

~- -- - ----- "-Timer Interrupt1----
External Interrupt~---

SWI~---
RESET

$007F

SOO8O
I

SooFF

SOloo

\

S1F7F

SlFBO 63
64

SlFF5

$1FF6- $1FF7

S1FF8-S1 FF9

S1FFA-$1FFB
I

S1FFC-S1FFD

S1FFE-Sl FFF
127

Port A Data

Port B Data

Port C Data

Port D Data

Port A Data Direction

Port B Data Direction

Port C Data Direction

Port D Data Direction

Timer Data

Timer Control

6 Bytes

Unused*

RAM

1112 Bytesl

t- ,,/.....•..
"".•..

"",/ ,/ Stack 164 Bytes Maxi
,/

•,/.....

SOOOO

S0001
VI

$0002 a:
S0003 O~a:-'
$0004 (,)0_a:
SOOO5 :E!z
$0006 0

(,)

S0007

SOOO8

SOOO9

SoooA

SoooF
$0010



The first 128 bytes of memory (first half of page zero) is
comprised of the I/O port locations, timer locations, and 112
bytes of RAM. The next 2096 bytes comprise the user ROM.
The 10 highest address bytes contain the reset and interrupt
vectors.

The stack pointer is used to address data stored on the
stack. Data is stored on the stack during interrupts and sub-
routine calls. At power-up, the stack pointer is set to $OO7F
and it is decremented as data is pushed on the stack. When
data is removed from the stack, the stack pointer is incre-
mented. A maximum of 64 bytes of RAM is available for
stack usage. Since most programs use only a small part of
the allocated stack locations for interrupts and/or
subroutine stacking purposes, the unused bytes are usable
for program data storage.

The CDP6805G2 contains five registers as shown in the
programming model in Figure 12. The interrupt stacking
order is shown in Figure 13.

ACCUMULATOR (A)
This accumulator is an 8-bit general purpose register used

for arithmetic calculations an9 data manipulations.

INDEX REGISTER (X)
The X register is an 8-bit register which is used during the

indexed modes of addressing. It provides an 8-bit operand
which is used to create an effective address. The index
register is also used for data manipulations with the
read/modify/write type of instructions and as a temporary
storage register when not performing addressing operations.

PROGRAM COUNTER (PC)
The program counter is a 13-bit register that contains the

address of the next instruction to be executed by the pro-
cessor.

STACK POINTER (SP)
The stack pointer is a 13-bit register containing the

address of the next free location on the stack. When access-
ing memory, the seven most-significant bits are permanently
set to o00ooo1 These seven bits are appended to the six
least-significant register bits to produce an address within
the range of $OO7F to $0040. The stack area of RAM is used
to store the return address on subroutine calls and the

71===A===
7

l=====x====

0

I Accumulator

0

I Index Register

0

I Program Counter

0

I Stack Pointer

12I PC _

12 6 5
~---S-P---

Condition Code Register

Carry/Borrow

Negative

Interrupt Mask

Half Carry

Increasing Memory 1i
Addresses U

R 0
N

Stack

!r
T

Condition Code Register

Accumulator

Index Register

NOTE: Since the Stack Pointer decrements during pushes. the PCL is
stacked first. followed by PCH. etc. Pulling from the stack is in
the reverse order.



machine state during interrupts. During external or power-
on reset, and during a "reset stack pointer" instruction, the
stack pointer is set to its upper limit ($OO7FI. Nested inter-
rupts and/or subroutines may use up to 64 (decimal! loca-
tions, beyond which the stack pointer "wraps around" and
points to its upper limit thereby losing the previously stored
information. A subroutine call occupies two RAM bytes on
the stack, while an interrupt uses five bytes.

CONDITION CODE REGISTER (CC)
The condition code register is a S-bit register which in-

dicates the results of the instruction just executed. These
bits can be individually tested by a program and specific ac-
tion taken as a result of their state. Each bit is explained in
the following paragraphs.

HALF CARRY BITS (H) - The H-bit is set to a one when
a carry occurs between bits 3 and 4 of the ALU during an
ADD or ADC instruction. The H-bit is useful in binary coded
decimal subroutines.

INTERRUPT MASK BIT (I) - When the I-bit is set, both
the external interrupt and the timer interrupt are disabled.
Clearing this bit enables the above interrupts. If an interrupt
occurs while the I-bit is set, the interrupt is latched and IS

processed when the I-bit is next cleared.

NEGATIVE (N) - Indicates that the result of the last
arithmetic, logical, or data manipulation is negative (bit 7 in
the result is a logical one).

ZERO (Z) - Indicates that the result of the last arithmetic,
logical, or data manipulation is zero.

CARRY/BORROW IC) - Indicates that a carry or borrow
out of the arithmetic logic unit (ALU) occurred during the
last arithmetic operation. This bit is also affected during bit
test and branch instructions, shifts, and rotates.

RESETS
The CDP6805G2 has two reset modes: an active low

external reset pin (RESET) and a power-on reset function;
refer to Figure 5.

RESET
The RESET input pin is used to reset the MCU to provide

an orderly software start-up procedure. When using the ex-
ternal reset mode, the RESET pin must stay low tor a mini-
mum of one tcyc. The RESET pin is provided with a Schmitt
Trigger input to improve its noise immunity.

POWER-ON RESET
The power-on reset occurs when a positive transition is

detected on VDD. The power-on reset is used strictly for
power turn-on conditions and should not be used to detect
any drops in the power supply voltage. There is no provision
for a power-down reset. The power-on circuitry provides for
a 1920 tcyc delay from the time of the first oscillator opera-
tion. If the external RESET pin is low at the end of the 1920
tcyc time out, the processor remains in the reset condition.

Either of the two types of reset conditions causes the
following to occur:

- Timer control register interrupt request bit TCR7 is
cleared to a "0."

- Timer control register interrupt mask bit TCR6 is set to a
"1."

- All data direction register bits are cleared to a "0." All
ports are defined as inputs.

- Stack pointer is set to $OO7F.
- The internal address bus is forced to the reset vector

($1FFE, $1FFFI.
- Condition code register interrupt mask bit (I) is set to a

"1."
- STOP and WAIT latches are reset.
- External interrupt latch is reset.

All other functions, such as other registers (including out-
put ports), the timer, etc., are not cleared by the reset condi-
tions.

INTERRUPTS
The CDP6805G2 may be interrupted by one of three

different methods: either one of two maskable hardware
interrupts (external input or timer) or a nonmaskable
software interrupt (SWI). Systems often require that
normal processing be interrupted so that some external
event may be serviced.

Interrupts cause the processor registers to be saved
on the stack and the interrupt mask (I bit) set to prevent
additional interrupts. The RTI instruction causes the
register contents to be recovered from the stack
followed by a return to normal processing. The stack
order is shown in Figure 13.

Unlike RESET, hardware interrupts do not cause the
current instruction execution to be halted, but are
considered pending until the current instruction
execution is complete.

Note
The current instruction is considered to be the one

already fetched and being operated on.

When the current instruction is complete, the
processor checks all pending hardware interrupts and
if unmasked (I bit clear), proceeds with interrupt
processing; otherwise, the next instruction is fetched
and executed. Note that masked interrupts are latched
for later interrupt service.

If both an external interrupt and a timer interrupt are
pending at the end of an instruction execution, the
external interrupt is serviced first. The SWI is executed
the same as any other instruction and as such takes
precedence over hardware interrupts only if the I bit is
set (hardware interrupts masked). Refer to Figure 14 for
the interrupt and instruction processing sequ~

Table 4 shows the execution priority of the RESET,
IRQ and timer interrupts, and instructions (including
the software interrupts, SWI). Two conditions are
shown, one with the I bit set and the other with I bit
clear; however, in either case RESET has the highest
priority of execution. If the I bit is set as per Table 4(a),
the second highest priority is assigned to any instruction
including SWI.:....I!)is is illustrated in Figure 14 which
shows that the IRQ or Timer interrupts are not executed
when the I bit is set. If the I bit is cleared as per Table
4(b), the priorities change in that the next instruction
.tIDY1 or other instruction) is not fetched until after the
IRQ and Timer interrupts have been recognized (and
serviced). Also, when the I bit is clear.JLboth IRQ and
Timer interrupts are pending, the IRQ interrupt is
always serviced before the Timer interrupt.
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1-1 (InCC)
007f-1I'
O-DDRI

C\.R IRO Lot"
TCR b7-G
TCRbI-l

Load PC From:
aWl: lFfC/1FFD
TIIO:lFF"'IFF8

TIMER: lFF8/1FF.
Tim••. Wall: lFFI/1FF7

TABLE 4 -INTERRUPT/INSTRUCTION EXECUTION PRIORITY AND VECTOR ADDRESS

(a) I Bit Sat

Vector

Int.rrupt/ln.truetlan Priority Addr •••

--- $1FFE-$l FFFRESET 1
SWI (or Other Instruction) 2 $1FFC-$l FFD

NOTE:lRQ and Timer Interrupts are not executed when the I bit Is set; therefore, they
are not shown.

Vector

Int.rrupt/ln.truetlon Priority Addr •••

FiESET 1 $1FFE-$l FFF

IRQ 2 $1FFA-$l FFB

Timer 3 $1FF8-$1FF9
$lFF6-$lFF7"

SWI (or other Instruction) 4 $1FFC-$l FFD
-



Note
Processing is such that at the end of the current

instruction execution, the I bit is tested and if set the
next instruction (including SWI) is fetched. If the I bit is
cleared, the hardware interrupt latches are tested, and
if no hardware interrupt is pending, the program falls
through and the next instruction is fetched.

TIMER INTERRUPT
If the timer interrupt mask bit (TCR6) is cleared, then

each time the timer decrements to zero (transitions
from $01 to $00) an interrupt request is generated. The
actual processor interrupt is generated only if the
interrupt mask bit of the condition code register is also
cleared. When the interrupt IS recognized, the current
state of the machine is pushed onto the stack and the
interrupt mask bit in the condition code register is set.
This masks further interrupts until the present one is
serviced. The processor now vectors to the timer
interrupt service routine. The address for this service
routine is specified by the contents of $1FF8and $1FF9
unless the processor is in a WAIT mode in which case
the contents of $1FF6 and $1FF7 specify the timer
service routine address. Software must be used to clear
the timer interrupt request bit (TCR7). At the end of the
timer interrupt service routine, the software normally
executes an RT! instruction which restores the machine
state and starts executing the interrupted program.

EXTERNAL INTERRUPT
If the interrupt mask bit of the condition code register

is cleared and the external interrupt pin (IRQ) is low,

then the external interrupt occurs. The action of the
external interrupt is identical to the timer interrupt with
the exception that the service routine address is
specified by the contents of $1FFA and $1FFB. Either a
level- and edge-sensitive trigger (or edge-sensitive
only) are available as mask options. Figure 15 shows
both a functional diagram and timing for the interrupt
line. The timing diagram shows two different treatments
of the interrupt line (IRQ) to the processor. The first
method is single pulses on the interrupt line spaced far
enough apart to beserviced. The minimum time between
pulses is a function of the length of the interrupt service
routine. Once a pulse occurs, the next pulse should not
occur until the MPU software hasexited the routine (an
RTI occurs). This time (tluLl is obtained by adding 20
instruction cycles (lcyc) to the total number of cycles is
takes to complete the service routine including the RT!
instruction; refer to Figure 15.The second configuration
shows many interrupt lines "wire-ORed" to form the
interrupts at the processor. Thus, if after servicing an
interrupt the iRQ remains low, then the next interrupt is
recognized.

SOFTWARE INTERRUPT (SWI)
The software interrupt is an executable instruction.

The action of the SWI instruction is similar to the
hardware interrupts. The SWI is executed regardless of
the state of the interrupt mask in the condition code
register. The service routine address is specified by the
contents of memory locations $1FFC and $1FFD. See
Figure 14 for interrupt and instruction processing
flowchart.

External
Interrupt
Request

Power·On Reset

External Reset
External Interrupt
Being Serviced

EdgeCondition
(The minimum pulse width ItlLlH IS one
tcyc· The perrod tlLlL should not be
less than the number of tcyc cycles it
takes to execute the Interrupt service rou-
tine plus 20 tcyc cycles.)

IRQ~tILIH U
~~liLlL-~

IRQ IMPu'I~ _

IR.Q1~ tllH~

•
•

IROn

MaskOptionalLevelSensitive
(If after servicing an interrupt the IRQ reo
mains low, then the next interrupt is re-
cognized)
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STOP
The STOP instruction places the CDP6805G2 in its

lowest power consumption mode. In the STOP function the
Internal oscillator is turned off. causing all internal process-
ing and the timer to be halted; refer to Figure 16.

During the STOP mode. timer control register (TCR) bits 6
and 7 are altered to remove any pending timer interrupt re-
quests and to disable any further timer interrupts. The timer
prescaler is cleared. External interrupts are enabled in the
condition code register. All other registers and memory re-
main unaltered. All 1/0 lines remain unchanged.

Stop Oscillator
And All Clocks
TCR Bit 7-0

Bit 6-1
Clear I Mask

WAIT
The WAIT instruction places the CDP6805G2 in a low

power consumption mode, but the WAIT mode consumes
somewhat more power than the STOP mode. In the WAIT
mode, the Internal clock is diabled from all internal circuitry

except the timer circuit; refer to Figure 17. Thus. all internal
processing is halted; however. the timer continues to count
normally.

During the Wait mode, the I-bit in the condition code
register is cleared to enable interrupts. All other registers,
memory, and 1/0 lines remain in their last state. The timer
may be enabled to allow a periodic exit from the Wait mode.
If an external and a timer interrupt occur at the same time,
the external interrupt is serviced first; then, if the timer inter-
rupt request is not cleared in the external interrupt
routine,the normal timer interrupt (not the timer Wait inter-
rupt) is serviced since the MCU is no longer in the WAIT
mode.

The MCU timer contains a 8-bit software programmable
counter with7-bit software selectable prescaler. The counter
may be present under program control and decrements
towards zero. When the counter decrements to zero, the
timer interrupt request bit, i.e., bit 7 of the timer control
register (TRC), is set. Then, if the timer interrupt is not
masked, i.e., bit 6 of the TCR and the I-bit in the condition
code register are both cleared, the processor receives an in-
terrupt. After completion of the current instruction, the pro-
cessor proceeds to store the appropriate registers on the
stack, and then fetches the timer vector address from loca-
tions $1FF8 and $1FF9 (or $1FF6 and $1FF7 if in the WAIT
mode) in order to beging servicing.

The counter continues to count after it reaches zero,
allowing the software to determine the number of internal or
external input clocks since the timer interrupt request bit
was set. The counter may be read at any time by the pro-
cessor without disturbing the count. The contents of the
counter becomes stable prior to the read portion of a cycle
and does not change during the read. The timer interrupt re-
quest bit remains set until cleared by the software. If a read
occurs before the timer interrupt is serviced, the interrupt is
lost. TCR7 may also be used as a scanned status bit in a non-
interrupt mode of operation (TCR6 = 1l.

The prescaler is a 7-bit divider which is used to extend the
maximum length of the timer. Bit 0, bit 1, and bit 2 of the
TCR are programmed to choose the appropriate prescaler
output which is used as the counter input. The processor
cannot write into or read from the prescaler; however, its
contents are clearedto all "O's" by the write operation into
TCR when bit 3 of the written data equals 1. This allows for
truncation-free counting.

The timer input can be configured for three different
operating modes, plus a disable mode depending on the
value written to the TCR4, TCR5 control bits. Refer to the
Timer Control Register section.

TIMER INPUT MODE 1
If TCR4 and TCR5 are both programmed to a "0," the in-

put to the timer is from an internal clock and the TIMER in-
put pin is disabled. The internal clock mode can be used for
periodic interrupt generation, as well as a reference in fre-
quency and event measurement. The internal clock is the in-
struction cycle clock. During a WAIT instruction, the inter-
nal clock to the timer continues to run at its normal rate.



Oscillator Active
Clear I-Bit

Timer Clock Active
All Other Clocks

Stop

Fetch hternal
Interrupt Reset.

or Timer Interrupt
Vector (from Wait

Mode onlv)

TIMER INPUT MODE 2
With TCR4= 1 and TCR5=O. the internal clock and the

TIMER input pin are ANDed together to form the timer input
signal .. This mode can be used to measure external pulse
widths. The external pulse simply turns on the internal clock
for the duration of the pulse. The resolution of the count in
this mode is ± 1 clock and. therefore. accuracy improves
with longer input pulse widths.

TIMER INPUT MODE 4
If TCR4= 1 and TCR5= 1. the internal clock input to the

Timer is disabled and the TIMER input pin becomes the in-
put to the Timer. The timer can, in this mode. be used to
count external events as well as external frequencies for
generating periodic interrupts. The counter is clocked on the
falling edge of the external signal:

Figure 18 shows a block diagram of the Timer subsystem.
Power-on Reset and the STOP instruction cause the counter
to be set to SFO.TIMER INPUT MODE 3

If TCR4=O and TCR5= 1, then all inputs to the Timer are
disabled.
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Software Functions

N~:E~~ •• calet and B-blt count., .r. clocked falling edge of the internal clock (AS) or external

2. d:~~t~i, written to during oala Strobe (OS) and count. down continuously.

All bits in this register except bit 3 are Read/Write bits.

TCR7 - Timer interrupt request bit: bit used to indicate
the timer interrupt when it is logic "'"

, - Set whenever the counter decrements to zero, or un-
der progrllrn control.

o - Cleared on external reset, power-on reset, STOP in-
struction, or program control.

TCR6 - Timer interrupt mask bit: when this bit is a logic
"'" it inhibits the timer interrupt to the processor.

.\ - Set on external reset, power-on reset, STOP instruc-
tion, or program control.

o - Cleared under program control.

TCR5 .:- External or internal bit: selects the input clock
source to be either the external timer pin or the internal
elc·ck. (Unaffected by RESET.!

1 - Select external clock source.
o - Select internal clock source (AS).

TCR4 - External enable bit: control bit used to enable the
external timer pin. (Unaffected by REm.!

, - Enable external timer pin.
o - Disable external timer pin.

TCR5 TCR4

;;]

0 Internal clock to Timer
o , AND of internal clock and TIMER

pin to Timer

1 0 Inputs to Timer disabled
1 1 TIMER pin to Timer

TCR3 - Timer Prescaler Reset bit: writing a '.,.' to this bit
resets the prescaler to zero. A read of this location always in-
dicates a "0". (Unaffected by RESET.I

TCR2, TCR', TCRO - Prescaler select bits: decoded to
select one of eight taps on the prescaler. (Unaffected by
REm.l

TCR2 TCRl TCRO Result
0 0 0 -+-1

a 0 1 -+-2

a 1 0 -+-4

0 1 1 -+-8

1 a 0 -+-16

1 0 1 -+-32

1 1 a -+-64

1 1 , -+-128
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MICROPROCESSOR DATA SHEETS

CDP68EM05C4, CMOS High Performance Silicon Gate 8-Bit Microcontroller Emulator. . . . . . . . . . . . . . . 3·3
CDP68EM05C4N

CDP68EM05D2, CMOS High Performance Silicon Gate 8-Bit Microcontroller Emulator. . . . . . . . . . . . . . . 3-9
CDP68EM05D2N

CDP6805E2, E2C CMOS 8-Bit Microprocessor. . . . . . .. . . . . .. . . . . . . .. . . 3-16
CDP6805E3, E3C

COMPATIBLE PRODUCTS (See Note)

NOTE: CompatibleProductslistedare not locatedwithinthis databook,but maybe acquiredthroughthe HarrisAnswerFAXsystem.
Pleasereferto Section9 for furtherinformation.
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Features
• CDP68HC05C41C8 Mlcrocontroller Emulation

•. All CDP68HC05C4IC8 Hardware and Softwear
Features, Except as Noted In this Data Sheet

• Full 8K Byte Address Space Available (7984 Bytes
Available Externally)

• 176 Bytes of On-Chip RAM, No ROM

• Also Can be Used for CDP68HC05C8 Emulation

• Un-Multiplexed External Address and Data Lines

• Available In Two Package Types:

•. CDP68EM05C4 - 40 Lead Piggyback Package with
2764 EPROM Socket Capability

•. CDP68EM05C4N - 68 Lead Plastic Chip Carrier (PLCC)

Description
The CDP68EM05C4 and CDP68EM05C4N Emulator devices
are functionally equivalent to the CDP68HC05C4
microcomputer, and are designed to permit prototype develop'
ment and preproduction of systems for mask programmed
applications. Data bus, address bus and control signals are
externally available to provide off chip address capability.

In addition to this feature, the Emulator devices differ from the
CDP68HC05C4 microcomputer as follows: 1) Memory
locations which are occupied as ROM on the CDP68HC05C4
are accessed as external locations with the Emulators.
2) Mask-programmable options available on the
microcomputer (I.e., CPU oscillator type and external interrupt
sense) are fixed in hardware in the Emulator devices, and are
available as separate Emulator types identified with suffix
letters EC, ELC, ER or ELR. The corresponding option for each
suffix letter is shown below:

a) CPU oscillator type: C = crystal/ceramic
resonator; R = resistor.

b) External interrupt sense: EL = negative
edge and level sensitive; E = edge only
sensitive.

The CDP68EM05C4 and CDP68EM05C4N represent two
package types. The CDP68EM05C4 is available in a piggy-
back package haVing the footprint of the 40 lead dual-in-Iine
package of the CDP68HC05C4 microcomputer. The top of the
piggyback package has socket capability for a 28 lead
EPROM. The CDP68EM05C4N is available in a 68 lead Plastic
Chip Carrier (PLCC).

CDP68EM05C4
CDP68EM05C4N
CMOS High Performance Silicon Gate

8-Bit Microcontroller Emulator

Pinouts

CDP68EM05C4
40 LEAD PIGGYBACK PACKAGE

TOP VIEW

i>ES ET
1 40

vOO2 (1) 39
I RO

3 1 28 36
OSCI

NC VI'
2 (2) 27 VCC 37

OSC2
PA7

4 AI2 26 ~ TCAP
5 A7

.J 36
POlPIIS

6 25 VCC 35
PA5

'I 276'1 TCMPAS 2'1 A67
115 5 EPROM 34

1'051'11'1 A9
PA3 6

A4
6 23 All 33

1'04
PA2

9 A3
7 22 OE 32

1'03to 6 21 Al0 31
PAl

11
A2

9 30
1'02

PAO A1 10
20 CE 1'01

1'60
12 AO- 19 OB7 29

1'00
PBI

13 DIlO .l!.. 10 OB6 2B PCO
PB2

14 081.12 17 D85 27 PCl
1'83

15 D82 13 16 D84 26
PC2 0

16 25 a:
1'84 GND 14 15 D83 PO ,0
1'85

17 24
PC4 00

1'86
16 23

1'C5
a:0

19 CDP66EM05C4 22 OW
1'87 PC6 -0EM ULATOR 21 =:0
Vss PC7 a:

l1.

CDP68EM05C4N
6B LEAD PLASTIC CHIP CARRIER

TOP VIEW

I
:;; _No.. 0..

r'M~~~~ IO~OUU~~~~~1~~~~~~~~~~~~~~~~
o,k),-l"'J.,j·,ld Nl-j~L~~l~j~1'A' lor . --.- - cr - ..

PAO~_'1
PBO 12
PBI 13

1'62 •. '4~
1'63' 15
PU4 _'-6
PB5..21:
Pfl6 -Ul
1'B7 19
VSS 20
067_21

DHG -~-~
OH~·- -';
on4-}~1
OB3 26
082--



INTERNAL
PROCESSOR

CLOCK

PAO
ACCUMULATOR

PCO

PAl PC1
PORT PA2

8 A CPU
PC2DATA CONTROL DATA PORTA PA3 DIR INDEX DIR PC3 CI/O REG REGISTER REG I/OLINES PA4 PC48 X LINESPAS

CONDITION
PCS

PAS CODE PCS

PA7
S REGISTER CC PC7

CPU
STACK PORT 0 PD7

PBO POINTER

PBl S S SCI RDI (POO)
SYSTEM

PORT PB2 DATA
PROGRAM TOO (POl)

B PB3 DIR
COUNTER

MISO(PD2)
REG S HIGH PCH ALU

I/O PB4 SPI MOSl (PD3)
LINES PBS PROGRAM SYSTEM SCK (PD4)

PBS
COUNTER

SS(PDS)LOW PCL
PB7 BAUD RATE

GENERATOR

CE
AD BUS

·WE CONTROL
• OS

• FS

O.-NM'o:tIOCO""alalalalalalala:lQQQQQCQQ
DATA BUS

Memory
The CDP68EM05C4 and CDP68EM05C4N Emulators
each have a total address space of 8192 bytes. The
Emulators have implemented 208 bytes of the address
locations for I/O and internal RAM. The remainder is
available for external memory. The first 256 bytes of
memory (page zero) are comprised of the I/O port locations,
timer locations,48 bytes of external address space and 176
bytes of RAM.The next 7936 bytes are availableto address
external memory. The address map is shown in Figure 1. A
description of the remaining internal addressable functions
can be found in the CDP68HC05C4 data sheet, File No.
2748, see Section 2 of this Data Book.

Signal Descriptions
The following list includes only those additional signals that
are not available on the CDP68HC05C4 microcomputer.
See the CDP68HC05C4 data sheet for a description of the
remaining signals which are common to the Emulatorsand
the CDP68HC05C4 microcomputer.

AO-A12 - Address lines 0 through 12.

DBO-DB7 - Bidirectional 8-bit non-multiplexed data bus
with TTL inputs.

CE,(OE*) - Chip Enable: An output signal used for
selecting external memoryor I/O. A low level
indicates when external RAM or I/O is being
accessed.The Chip Enablesignal will not go
true, however, when addressing the 7
unused locations in the 32 bytes of I/O
space even though the address lines will be
valid.

RD,(CE*) - Read: A status output which indicates
direction of data flow with respect to external
or internal memory (a low level indicates a
read from memory space). A read from
internal memory or I/O will place data on the
external data bus.

WE** - Write Enable: An active low strobe pulse
output for use in writing data to external
RAM memory. A low level indicates valid
data on the data bus.

DS** - Data Strobe: An output signal for use as a
strobe pulse when address and data are
valid. This output is used to transfer data
to or from a peripheral or memory and
occurs any time the Emulator reads or
writes. DS is a continuous signal at fosc + 2
when the Emulator is not in the WAIT or
STOPmode.

FS** - Fetch Status: An output which indicates an
op code fetch cycle

• CE and Rii are usod as OE (Oulput Enable) and CE (Chip Enable) signals,
respectively in the Piggyback package.

•• Not available in the Piggyback package.



ooסס$ ooסס ooסס PORT A DATA REGISTER SOO
PORTS

I/O 7 BYTES PORT 9 DATA REGISTER $01
32 BYTES

.

PORT C DATA REGISTER $02

$001F 0031 UNUSED PORT 0 FiXeD INPUT REGISTER $03
$0020 0032 3 BYTES PORT A DATA DIRECTION REGISTER $04

EXTERNAL ADDRESS \
SPACE PORT B DATA DIRECTION REGISTER $05

48 BYTES \
\ PORT C DATA DIRECTION REGISTER S06

$OO4F 0079 SERIAL PERIPHERAL
$0050 OO~O INTERFACE UNUSED $07

\
3 BYTES $08UNUSED

RAM \ UNUSED $09
176 BYTES

\ SERIAL SERIAL PERIPHERAL CONTROL REGISTER SOA
COMMUNICATIONS

\ INTERFACE SERIAL PERIPHERAL STATUS REGISTER SOB
5 BYTES

$ooBF ------- 0191 \ SERIAL PERIPHERAL DATA I/O REGISTER $OC
$OOCO 0192

\ SEFIIAL COMMUNICATIONS BAUD RATE REGISTER $00iSTACK TIMER64 BYTES \ 10 BYTES SERIAL COMMUNICATIONS CONTROL REGISTER 1 SOE
SOOFF 0255

\ SOF$0100 0256 SERIAL COMMUNICATIONS CONTROL REGISTER 2

\ SERIAL COMMUNICATIONS STATUS REGISTER $10

\ UNUSED SERIAL COMMUNICATIONS DATA REGISTER $11
4 BYTES

\ TIMER CONTROL REGISTER $12

EXTERNAL ADDRESS 0031 TIMER STATUS REGISTER $13
SPACE

7936 BYTES \ INPUT CAPTURE HIGH REGISTER $14

\
INPUT CAPTURE LOW REGISTER $15

OUTPUT COMPARE HIGH REGISTER $16
\ OUTPUTCOMPARELOWREGISTER $17
\ COUNTER HIGH REGISTER $16

\ COUNTER LOW REGISTER $19

\ ALTERNATE COUNTER HIGH REGISTER $1A

\ ALTERNATE COUNTER LOW REGISTER $1B

$1FEF 8175 \ UNUSED $1C-------$1FFO 8178 \ UNUSED $10

i SPACE FOR
USER VECTORS \ UNUSED $1E

18 BYTES
UNUSED $1F

$1FFF 8191

FIGURE 1. ADDRESS MAP.

IRQ (Maskable Interrupt Request) OSC1,OSC2
Interrupt input trigger sensitivity is available as either Oscillator (fOSC) connections. Depending on the Emulator
1) negative edge-sensitive only, or 2) both negative edge- CPU oscillator type, which is fixed in hardware, the pins can
sensitive and level-sensitive triggering. In the latter case, be configured for either a crystal or ceramic resonator
either type of input to the IRQ pin will produce the interrupt. oscillator, or for an RC oscillator. Alternatively, with either
The Emulator completes the current instruction before it CPU oscillator type*, an external clock may be used by
responds to the interrupt request. When the IRQ pin goes applying the external clock signal to the OSC1 input with
low for at least one tlLlH as defined in the CDP68HC05C4 the OSC2 pin not connected. The internal clocks are
data sheet, a logic one is latched internally to signify that an derived by a divide-by-2 of the oscillator frequency (fOSC).
interrupt has been requested. When the Emulator
completes it's current instruction, the interrupt latch is
tested. If the interrupt latch contains a logic one, and the
interrupt mask bit (I bit) in the condition code register is
clear, the Emulator then begins the interrupt sequence. The
IRQ input requires an external resistor to VDD for • The crystal/ceramic resonator CPU oscillator type is recommended to
"wire-OR" operation. reduce loading on the external clock source.

ena:
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READ CYCLE TIMING CDP68EM05C4 (Piggyback Emulator)
VDD = 5.0V ± 10%, VSS = OV, TA = 250C

LIMITS

PARAMETER MIN MAX UNITS

Extemallnput Oscillator Pulse Width, Low or High TCPL,TCPH 90 - ns

Read Cycle TRC 476 - ns

Address Before OE TOA 50 - ns

Access Time From OE TAO - 200 ns

Access Time From Stable Address TAA - 350 ns

Access Time From CE TAA - 350 ns

Data Bus Driven From OE TEX 0 - ns

Address Hold Time After OE TAH 0 - ns

Data Hold Time After Address TOH 0 - ns

Data Hold Time After OE TDH 0 - ns

OE High to Data Bus not Driven THZ 0 60 ns

DATA VAll 0

-I f-- THZ



READ CYCLE TIMING CDP68EM05C4N (PLCC Emulator)
VDD = 5.0V ± 10%, VSS = OV, TA = 250C

LIMITS

PARAMETER MIN MAX UNITS

Extemallnput Oscillator Pulse Width, Low or High TCPL,TCPH 90 - ns

Read Cycle TRC 476 - ns

Address Before Chip Enable TCA 50 - ns

Access Time From Chip Enable TAC - 200 ns

Access Time From Address TAA - 350 ns

Access Time From RD TAA - 350 ns

Data Bus Driven From CE TEX 0 - ns

Address Hold Time After CE TAH 0 - ns

Data Hold Time After Address TOH 0 - ns

Data Hold Time After CE TDH 0 - ns

CE High to Data Bus Not Driven THZ 0 60 ns

WRITE CYCLE TIMING CDP68EM05C4N (PLCC Emulator)
VDD = 5.0V ± 10%, VSS = OV, TA = 250C

LIMITS

PARAMETER MIN MAX UNITS

External Input Oscillator Pulse Width, Low or High TCPL,TCPH 90 - ns

Write Cycle TWC 476 - ns

Address Before CE, WE TAS 50 - ns

OS, WE Pulse Width TOSP, TWP 200 - ns

WE = L to CPU Driving Bus TWHZ 0 - ns

Data Set-Up Time TDS 150 - ns

Data Hold Time After WE TDH 50 - ns

Address Valid After WE TWR 50 - ns

WE High to Bus Not Driven TOOZ 50 - ns

OSC2\ I I I I
CYCLE I FETCH I READ I'N~~~~AL I WRITE I FETCH READ IN~~~.;'tL FETCH

ADDR I I

CE i I
Ri51_ ---- !
MI LJ I

I
I

~
cpu I

tJ)
a:

.0
0tJ)
a:tJ)ow-0:EO

a:l1.
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CDPG8EM05C4

SCX
MOS1
MISO

PORT
PORT

AD CE

CE i5E
2764

COP88EM05C4N EPROM
EMULATOR

CPU .
AO-A12 ADDR~

A •.
DBO-DB7 DATA.

Customer Ordering Information
,he four available variations should be ordered by the fol-
lowing part number designations:

CDP68EM05C4EC -
CDP68EM05C4NEC

Edge only sensitive interrupts with
crystal or ceramic resonator oscil-
lator network.

CDP68EM05C4ELC - Edge and level sensitive interrupts
CDP68EM05C4NELC with crystal or ceramic resonator

oscillator network.

CDP68EM05C4ER -
CDP68EM05C4NER

Edge only sensitive interrupts,
resistor oscillator network.

CDP68EM05C4ELR - Edge and level sensitive interrupts,
CDP68EM05C4NELR resistor oscillator network.
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• CDP68HC05D2 Mlcrocontroller Emulation

~ All CDP68HC05D2 Hardware and Software Features,
Except as Noted In this Data Sheet

• Full 8K Byte Address Space Available (8064 Bytes
Available Externally)

• 96 Bytes of On Chip RAM, No ROM

• Un-Multiplexed External Address and Data Lines

• Available in Two Package Types

~ CDP68EM05D2 - 40 Lead Piggyback Package with
2764 EPROM Socket Capability

~ CDP68EM05D2N - 68 Lead Plastic Chip Carrier (PLCC)

Description
The CDP68EM05D2 and CDP68EM05D2N Emulator devices
are functionally equivalent to the CDP68HC05D2
microcomputer, and are designed to permit prototype develop-
ment and preproduction of systems for mask programmed
applications. Data bus, address bus and control signals are
externally available to provide off chip address
capability.

In addition to this feature, the Emulatordevices differ from the
CDP68HC05D2 microcomputer as follows: 1) Memory
locations which are occupied as ROM on the CDP68HC05D2
are accessed as external locations with the Emulators.
2) Mask programmable options available on the
microcomputer (I.e., CPU oscillator type, external interrupt
sense and timeout delay for power on Resetor exit from STOP
mode) are fixed in hardware in the Emulator devices, and are
available as separate Emulator types identified with suffix
letters.See "Customer Ordering Information" in this data sheet
for a description of available emulator types.

The CDP68EM05D2 and CDP68EM05D2N represent two
different package types. The CDP68EM05D2 is available in a
piggyback package haVingthe footprint of the 40 lead dual-in-
line package of the CDP68HC05D2 microcomputer.Thetop of
the piggyback package has socket capability for a 28 lead
EPROM.The CDP68EM05D2N is availablein a 68 lead Plastic
Chip Carrier (PLCC).

CDP68EM05D2
CDP68EM05D2N
CMOS High Performance Silicon Gate

8-Bit Microcontroller Emulator

Pinouts

CDP68EMOSD2
40 LEAD PIGGYBACK PACKAGE

TOP VIEW
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VOD2 39
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3 38
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CDP68EMOSD2N
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TOP VIEW
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FROM OSC, OSC2PO:!
IN1-ERNAL

PROCESSOR CLOCK

PAC

PA'

PORT PA2

A PA3
1/0 PA'

LINES PAS

PA6

PA7

PBe

PB'

PORT PB2

B PB3
1/0 PB4

LINES
PBS

PB6

PB7

CE
RD

"WE

"Os
" FS

ACCUMULATOR

8 A

INDEX
REGISTER

DATA
DIR
REG

CONDITION
CODE

S REGISTER CC

STACK
POINTER

PROGRAM
COUNTER

HIGH PCH

PROGRAM
COUNTER

lOW PCl

DATA
DIR
REG

Memory
The CDP68EM05D2 and CDP68EM05D2N Emulators
each have a total address space of 8192 bytes. The
Emulators have implemented 128 bytes of the address
locations for I/O and internal RAM. The remainder is
available for external memory. The first 256 bytes of
memory (page zero) are comprised of the I/O port locations,
timer locations, 128 bytes of external address space and 96
bytes of RAM. The next 7936 bytes are available to address
external memory. The address map is shown in Figure 1. A
description of the remaining internal addressable functions
can be found in the CDP68HC05D2 data sheet, File No.
1557.1, see Section 2 of this Data Book.

Signal Descriptions
The following list includes only those additional signals that
are not available on the CDP68HC05D2 microcomputer.
See the CDP68HC05D2 data sheet for a description of the
remaining signals which are common to the Emulators and
the CDP68HC05D2 microcomputer.

AO-A12 - Address lines 0 through 12.

DBO-DB7 - Bidirectional8-bit non-multiplexed data bus
with TIL inputs.

CE, (OE*) - Chip Enable: An output signal used for
selecting external memory or I/O. A low level
indicates when external RAM or I/O is being
accessed. The Chip Enable signal will not go
true, however, when addressing the 10
unused locations in the 32 bytes of I/O
space even though the address lines will be
valid.

pce
pc,
PC2

PORT
PC3 C

PC' 1/0
PCS LINES

PC6

PC7

TO TIMER SYSTEM

PD7

DATA
DIR
REG

DATA
DIR
REG

TOSC' (POOl I TIMER
TOSC2 (PO,) IOSCilLATOR

Mise (PD21 I
MOS' (PD3J SPI

~K (PD4) SYSTEM
SS (PDS)

RD, (CE*) - Read: A status output which indicates
direction of data flow with respect to external
or internal memory (a low level indicates a
read from memory space). A read from
internal memory or I/O will place data on the
external data bus.

WE** - Write Enable: An active low strobe pulse
output for use in writing data to external
RAM memory. A low level indicates valid
data on the data bus.

DS** - Data Strobe: An output signal for use as a
strobe pulse when address and data are
valid. This output is used to transfer data
to or from a peripheral or memory and
occurs any time the Emulator reads or
writes. OS is a continuous signal at fosc + 2
when the Emulator is not in the WAIT or
STOP mode.

FS** - Fetch Status: An output which indicates an
op code fetch cycle

• CE and RD are used as OE (Output Enable) and CE (Chip Enable) signals,
respectively in the Piggyback package.

•• Not available in the Piggyback package.



I/O
32 BYTES

EXTERNAL
ADDRESS SPACE

128 BYTES

RAM
96 BYTES

1-------

1, STACK
64 BYTES

EXTERNAL
ADDRESS SPACE

7936 BYTES

1-------i SPACE FOR
USER VECTORS

16 BYTES

PORTS
6 BYTES

UNUSEO
2 BYTES

SERIAL PERIPHERAL
INTERFACE

3 BYTES

UNUSED
5 BYTES

TIMER
10 BYTES

UNUSED 2 BYTES

SPECIAL PORT
CONTROLJ

STAT REGISTER

UNUSED
1 BYTE

0031
0032

\
\
0159
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\
\
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0255 \
0256 \

\
\
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Interrupt input trigger sensitivity is available as either
1) negative edge sensitive only, or 2) both negative edge
sensitive and level sensitive triggering. In the latter case,
either type of input to the IRQ pin will produce the interrupt.
The Emulator completes the current instruction before it
responds to the interrupt request. When the IRQ pin goes
low for at least one t1l1H as defined in the CDP68HC05D2
data sheet, a logic one is latched internally to signify that an
interrupt has been requested. When the Emulator
completes it's current instruction, the interrupt latch is
tested. If the interrupt latch contains a logic one, and the
interrupt mask bit (I bit) in the condition code register is
clear, the Emulator then begins the interrupt sequence. The
IRQ input requires an external resistor to VDD for
"wire-OR" operation.

PORT A DATA REGISTER

PORT B DATA REGISTER

PORT C DATA REGISTER

PORT 0 DATA REGISTER

PORT A DATA DIRECTION REGISTER

PORT B DATA DIRECTION REGISTER

PORT C DATA DIRECTION REGISTER

PORT 0 DATA DIRECTION REGISTER

UNUSED

UNUSED

SERIAL PERIPHERAL CONTROL REGISTER

SERIAL PERIPHERAL STATUS REGISTER

SERIAL PERIPHERAL DATA I/O REGISTER

UNUSED

UNUSED

UNUSED

UNUSED

UNUSED

TIMER CONTROL REGISTER

TIMER STATUS REGISTER

INPUT CAPTURE HIGH REGISTER

INPUT CAPTURE LOW REGISTER

OUTPUT COMPARE HIGH REGISTER

OUTPUT COMPARE LOW REGISTER

COUNTER HIGH REGISTER

COUNTER LOW REGISTER

ALTERNATE COUNTER HIGH REGISTER

ALTERNATE COUNTER LOW REGISTER

UNUSED

UNUSED

SPECIAL PORT CONTROLJSTAT REGISTER

UNUSED

\
\
\
\
\
\
\
\
\
\

Oscillator (fOSC) connections. Depending on the Emulator
CPU oscillator type, which is fixed in hardware, the pins can
be configured for either a crystal or ceramic resonator
oscillator, or for an RC oscillator. Alternatively, with either
CPU oscillator type", an external clock may be used by
applying the external clock signal to the OSCl input with
the OSC2 pin not connected. The internal clocks are
derived by a divide by 2 of the oscillator frequency (fOSC).

• The crystal/ceramic resonator CPU oscillator type is recommended to
reduce loading on the external clock source.

$12

$13

$14

$15 U)
a:

$16 .0
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$18 OW-0
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READ CYCLE TIMING CDP68EMOSD2 (Piggyback Emulator)
VDD = S.OV ± 10%, VSS = OV, TA = 2S0C

LIMITS

PARAMETER MIN MAX UNITS

Extemallnput Oscillator Pulse Width, Low or High TCPL,TCPH 90 - ns

Read Cycle TRC 476 - ns

Address Before OE TOA 50 - ns

Access Time From OE TAO - 200 ns

Access Time From Stable Address TM - 350 ns

Access Time From CE TM - 350 ns

Data Bus Driven From OE TEX 0 - ns

Address Hold Time Aller OE TAH 0 - ns

Data Hold Time Aller Address TOH 0 - ns

Data Hold Time Aller OE TDH 0 - ns

OE High to Data Bus not Driven THZ 0 60 ns

AO~A12

OE
TOA

0.

CE CE

l=T~:H
DATA VALID

--1 f-- T
HZ



LIMITS

PARAMETER MIN MAX UNITS

Extemallnput Oscillator Pulse Width, Low or High TCPL,TCPH 90 - ns

Read Cycle TRC 476 - ns

Address Before Chip Enable TCA 50 - ns

Access Time From Chip Enable TAC - 200 ns

Access Time From Address TM - 350 ns

Access Time From RD TM - 350 ns

Data Bus Driven From CE TEX 0 - ns

Address Hold Time After CE TAH 0 - ns

Data Hold Time After Address TOH 0 - ns

Data Hold Time After CE TDH 0 - ns

CE High to Data Bus Not Driven THZ 0 60 ns

WRITE CYCLE TIMING CDP68EM05D2N (PLCC Emulator)
VDD = 5.0V ± 10%, VSS = OV, TA = 250C

LIMITS

PARAMETER MIN MAX UNITS

External Input Oscillator Pulse Width, Low or High TCPL,TCPH 90 - ns

Write Cycle TWC 476 - ns

Address Before CE, WE TAS 50 - ns

DS, WE Pulse Width TDSP,TWP 200 - ns

WE = L to CPU Driving Bus TWHZ 0 - ns

Data set-Up Time TDS 150 - ns

Data Hold Time After WE TDH 50 - ns

Address Valid After WE TWR 50 - ns

WE High to Bus Not Driven TDOZ 50 - ns

m
II:

.0OmII:mow-0:50
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(SPlj BUS SYSTEM.
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The eight available variations should be ordered by the
following part number designations:

Edge only sensitive interrupts with
crystal or ceramic resonator oscil-
lator network.

CDP68EM05D2ECF, Edge only sensitive interrupts with
CDP68EM05D2NECF external clock source, 2 Tcycle

startup delay.

CDP68EM05D2EC,
CDP68EM05D2NEC

CDP68EM05D2ELC, Edge and level sensitive interrupts
CDP68EM05D2NELC with crystal or ceramic resonator

oscillator network.

CDP68EM05D2ER,
CDP68EM05D2NER

Edge only sensitive interrupts with
resistor oscillator network.

CDP68EM05D2ERF, Edge only sensitive interrupts with
CDP68EM05D2NERF resistor oscillator, 2 Tcycle startup

delay.

CDP68EM05D2LCF, Edge and level sensitive interrupts
CDP68EM05D2NLCF with external clock source, 2

Tcycle startup delay.

CDP68EM05D2LR,
CDP68EM05D2NLR

Edge and level sensitive interrupts
with resistor oscillator network.

CDP68EM05D2LRF, Edge and level sensitive interrupts
CDP68EM05D2NLRF with resistor oscillator, 2 Tcycle

startup delay.

o
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Hardware Features
• Typical Full Speed Operating Power @ 5V 35mW

• Typical WAIT Mode Power 5mW

• Typical STOP Mode Power 25l'W

• 112 Bytes of On-Chip RAM

• 16 Bidirectional I/O Lines on COP 6805E2

.13 Bidirectional I/O Lines on CDP6805E3

• Internal 8-Bit Timer with Software Programmable
7-Bit Prescaler

• External Timer Input

• Full External and Timer Interrupts

• Multiplexed Address/Data Bus

• Master Reset and Power-On Reset

• CDP6805E2 is Capable of Addressing up to 8K Bytes
of External Memory

• CDP6805E3 Is Capable of Addressing up to 64K Bytes
of External Memory

• Single 3V to 6V Supply

• On-Chip Oscillator

• 40 Pin Dual-in-Line Package (E Suffix)

• 44 Lea~" Plastic Chip Carrier Package (0 SuffiX)

• -400C to +850C Operation With CDP6805E2C and
CDP6805E3C

Software Features
• Efficient Use of Program Space

• Versatile Interrupt Handling

• True Bit Manipulation

• Addressing Modes With Indexed Addressing for
Tables

• Efficient Instruction Set

• Memory Mapped I/O

• Two Power SaVing Standby Modes

Description
The CDP6805E2 and CDP6805E3 Microprocessors Unit
(MPUs) belong to the CDP6805 Family of CMOS Micro-
computers. These 8-bit fully static and expandable
microprocessors contain a CPU, on-chip RAM, I/O and Timer.
They are low power, low cost processors designed for mid-
range applications in the consumer, automotive, industrial and
communications markets where very low power consumption
constitutes an important factor. The major features of
the CDP6805E2 and CDP6805E3 MPUs are listed under
"Hardware Features" and "Software Features".

CDP6805E2,2CCDP6805E3,3C

RESET , 40 VDD 0lID '0 '00

TRD , 3. D$C' m ••~ o~,LI 3 38 D$C' LI " 05C2
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AS 8 3' P81 os • " Pil
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PA3 11 30 P88 1".11' II 30 ,. ••
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""2 12 U ,017
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Ratings Symbol Value Unit

Supply Voltage VOO -0.3 to +8.0 V

All Input Voltages Except OSCl Vin VSS -0.5 to VOO+0.5 V

Current Drain Per Pin Excluding VOO and VSS I 10 mA

Operating Temperature Range TL to TH
COP6805E2,CDP6S05E3 TA o to 70 °C
CDP6S05E2C,CDP6S05E3C -40 to 85

Storage Temperature Range Tsta -55 to + 150 °C

Characteristics Symbol Min Max Unit

Output Voltage (LOADs 10.0 p.A VOL - 01 V
VOH VDO-O.l -

Total Supply Current (CL =50 pF - no DC loadsI tcyc=5 p's

Run IVIL =0.2 V, VIH ~VOO-0.2 V) 100 - 1.3 mA
Wait ITest Conditions - See Note Below) Inn - 200 p.A
Stop (Test Conditions - See Note Below) 100 - 100 p.A

Output High Voltage

(ILOAD = 0.25 mAl AS-A15, BO-B7 VOH 2.7 - V
IILOAO-O.l mAl PAO-PA7, PBO-PB7 VOH 2.7 - V
IlLOAO=0.25 mAl OS, AS, R/W VOH 2.7 - V

Output Low Voltage

(ILOAD = 0.25 mAl AS-A15, BO-B7 VOL - 0.3 V
IILOAO-0.25 mAl PAO-PA7, PBO-PB7 VOL - 0.3 V
IILOAO-0.25 mAIDS. AS, R/VV VOL - 0.3 V

Input High Voltage
PAO-PA7, PBD-PB7, BO-B7 VIH 2.1 - V
TIMER, iRQ, RESET VIH 2.5 - V
OSCl VIH 2.1 - V

Input Low Voltage IAII inputs) VIL - 0.5 V
Frequency of Operation

Crystal foS'- 0.032 1.0 MHz
External Clock fOSC DC 1.0 MHz

Input Current
RESET, IRQ, Timer, OSC1 lin - ±1 p.A

Three-State Output Leakage
PAO-PA7, PBO-PB7, BO-B7 ITSL - ±10 p.A

Capacitance

RESET, IRQ, Timer Cin - 8.0 pF

Capacitance
DS, AS, RiW, A8-A15, PAD-PA7, PBD-PB7, 69-B7 Cout - 12.0 pF

Test conditions for Quiescent Current Values are:
Port A and B programmed as inputs.
VIL =0.2 V for PAO-PA7, PBO-PB7, and BO-B7.
VIH=VOO - 0.2 V for RESET, iRQ, and Timer.
OSCl input is a squarewave from VSS+0.2 V to VOO - 0.2 V.
OSC2 output load lincluding tester) is 35 pF maximum.
Wait mode 100 is affected linearly by this capacitance.

NOTE: References to PA5-7 pertain to CDP6S05E2 and
references to A13-15 pertain to CDP6S05E3.



Characteristics Symbol Min Max Unit

Output Voltage ILOAO s 10.0 I"A VOL - 0.1 V

VOH VOO-O.l - V
Total Supply Current (CL -130 pF - On Bus. CL-50 pF - On Ports.
No OC Loads. tcyc = 1.0 I"s 100 - 10 mA

Run (VIL =02 V. VIH=VOO - 0.2 VI
Wait (Test Conditions - See Note Belowl Inn - 1.5 mA
Stop ITest Conditions - See Note Belowl 100 - 200 I"A

Output High Voltage
VOH 4.1 V(lLOAO = 1.6 mAl A8-A 15, 80-87 -

IILOAO=O.36 mAl PAO-PA7. PBO-PB7 VOH 4.1 - V
IILOAO = 1.6 mAl OS. AS. R/W VOH 4.1 - V

Output Low Voltage
(ILOAO = 1.6 mAl A8-A15, 80-87 Vnl - 04 V
IILOAO = 16 mAl PAO-PA7. PBD-PB7 VOL - 04 V
IILOAD = 1.6 mAl OS. AS. R/W VOL - 04 V

Input High Voltage
PAC-PA7.P8O-PB7,8O-B7 V,,,, Vnn-2.0 - V
TIMER. IRQ. RESET VIH VOO-0.8 - V
OSC1 VIH VOO-15 - V

Input Low Voltage (All Inputs) VIL - 0.8 V
Frequency of Operation

Crystal lOSe: 0.032 5.0 MHz
External Clock fose: DC 5.0 MHz

Input CurrP,f1t

RESET. IRQ. Timer OSCl Iin - ±1 I"A

Three-State Output Leakage
PAO-PA7. PBO-PB7. BO-B7 ITSI - ±10 I"A

Capacitance

RESET. IRQ. Timer Gin - 8.0 pF

Capacitance

OS AS RiW A8-A15 PAO-PA7, P8o-P87, 80-87 Cout - 12.0 pF

NOTE: Test conditions for Quiescent Current Values are:
Port A and B programmed as Inputs.
VIL=0.2 V lor PAO-PA7. PBO-PB7. and BO-B7.
VIH = VOO - 0.2 V for RESET. iRQ. and Timer.

OSCl input is a squarewave from VSS+0.2 V to VOO - 0.2 V.
OSC2 output load (including tester) is 35 pF maximum.
Walt mode 11001 IS affected linearly by this capacitance.

NOTE: References to PA5-7 pertain to COP6805E2 and
references to A 13-15 pertain to COP6805E3.
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VOO=3 V VOO=5V ± 10%
fOSC=l MHz fOSC=5 MHz

Characteristics Symbol Min Typ Max Min Typ Max Unit
I/O Port Timing - Input Setup Time IFigure 31 tpvt..,,, 500 - - 250 - - ns
Input Hold Time IFigure 31 tASLPX 100 - - 100 - - ns
Output Oelay Time IFigure 31 tASLPV - - 0 - - 0 ns
Interrupt Setup Time IFigure 61 tlLASL 2 - - 0.4 - - I's
Crystal Oscillator Startup Time IFigure 51 toxnv - 30 300 - 15 100 ms
Wait Recovery Startup Time {Figure 71 WASH - - 10 - - 2 uS
Stop Recovery Startup Time (Crystal Oscillator) (Figure S) lILASH - 30 300 - 15 100 ms
Required Interrupt Release (Figure 6) tOSLIH - - 5 - - 1.0 I'S
Timer Pulse Width IFigure 71 tTH, tTL 0.5 - - 0.5 - - tCYC
Reset Pulse Width (Figure 5) tRL 5.2 - - 1.05 - - I's
Timer Period {Figure 71 tTLTL 1.0 - - 1.0 - - tcvc
Interrupt Pulse Width Low IFigure 161 tlLlH 1.0 - - 1.0 - - tcyc
Interrupt Pulse Period IFigure 161 tlLlL if - - if - - tcvc
Oscillator Cycle Period 11/5 of tcycl tOLOL 1000 - - 200 - - ms
OSC1 Pulse Width High tnu 350 - - 75 - - ns
OSC1 Pulse Width Low tOL 350 - - 75 - - ns

*The minimum period tlLlL should not be less than the number of tcyc cycles it takes to execute the interrupt service routine plus 20 tcyc
cycles.

Pin Rl R2 C
PAO-PA7, PSO-PB7 11.3 k 2.1 k 50 pF
B0-=!37, AB-A 15,

2.5 k 2 k 130 pFR/W, OS, AS

C=50 pF, PAD-PAl, PBD-PB7
= 130 pF, AB-A12, BD-B7, OS, AS, f1/W

with VOO=5 V ± 10%



fOSC=5 MHz
fOSC=1 MHz, VOO=5 V t 10%,

Num Characteristics Symbol VOO=3 V 1 TTL Unit
50 pF Load and 130 pF Load

Min Max Min Max
1 Cycle Time tcyc 5000 OC 1000 DC ns
2 Pulse Width, OS Low PWEL 2800 - 560 - ns
3 Pulse Width, OS High or RD, WR, Low PWEH 1BOO - 375 - ns
4 Clock Transition t,,1f - 100 - 30 ns
8 R/W Hold tRW" 10 - 10 - ns
9 Non-Muxed Address Hold tAH BOO - 100 - ns
11 R/W Delay from OS Fall tAD - 500 - 300 ns
16 Non-Muxed Address Delay from AS Rise tADH 0 200 0 100 ns
17 MPU Read Data Setup tDSR 200 - 115 - ns
18 Read Data Hold tnHR 0 1000 0 160 ns
19 MPU Data Delay, Write tDDW - 0 - 120 ns
21 Write Data Hold tnHW BOO - 55 - ns
23 Muxed Address Delay from AS Rise tRHn 0 250 0 120 ns
24 Muxed Address Valid to AS Fall tASL 600 - 55 - ns
25 Muxed Address Hold tAHI 250 750 60 180 ns
26 Delay OS Fall to AS Rise tASD BOO - 160 - ns
27 Pulse Width, AS Hioh PWA<::H 850 - 175 - ns
28 Delay, AS Fall to OS Rise tASED BOO - 160 - ns
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Functional Pin Description
VDD and VSS - VDD and VSS provide power to the chip.
VDD provides power and VSS is ground.

IRQ (Maskable Interrupt Request) - IRQ is a level
sensitive and edge sensitive input which can be used to
request an interrupt sequence. The MPU completes the
current instruction before it responds to the request. If IRQ
is low and the interrupt mask bit (I-bit) in the Condition
Code Register is clear, the MPU begins an interrupt
sequence at the end of the current instruction. The interrupt
circuit recognizes both a "Wire ORed" level as well as
pulses on the IRQ line (see Interrupt Section for more
details). IRQ requires an external resistor to VDD for "Wire
OR" operation.

RESET - The RESET input is not required for start up but
can be used to reset the MPU's internal state and provide an
orderly software start up procedure. Refer to the RESET
section for a detailed description.

TIMER - The TIMER input is used for clocking the on chip
timer. Refer to TIMER section for a detailed description.

AS (Address Strobe) - Address Strobe (AS) is an output
strobe used to indicate the presence of an address on the
8-bit multiplexed bus. The AS line is used to demultiplex the
eight least significant address bits from the data bus. A
latch controlled by Address Strobe should capture
addresses on the negative edge. This output is capable of
driving one standard TTL load and 130pF and is available at
fOSC + 5 when the MPU is not in the WAIT or STOP states.

OS (Data Strobe) - This output is used to transfer data to
or from a peripheral or memory. DS occurs anytime the
MPU does a data read or write. DS also occurs when the
MPU does a data transfer to or from the MPU's internal
memory. Refer to Table 2 and Figure 4 for timing character-
istics. This output is capable of driving one standard TTL

load and 130pF. DS is a continuous signal at fOSC + 5
when the MPU is not in WAIT or STOP state. Some bus
cycles are redundant reads of op code bytes.

R/W (Read/Write) - The RtW output is used to indicate the
direction of data transfer for both internal memory and I/O
registers, and external peripheral devices and memories.
This output is used to indicate to a selected peripheral
whether the MPU is going to read or write data on the next
Data Strobe (RIW low = processor write; Rm high = pro-
cessor read). The Rm output is capable of driving one
standard TTL load and 130pF. The normal standby state is
Read (high).

A8-A15 (High Order Address Lines) - The A8-A15
output lines constitute the higher order non-multiplexed
addresses. Each output line is capable of driving one
standard TTL load and 130pF.

BO-B7 (Address/Data Bus) - The BO-87 bidirectional
lines constitute the lower order addresses and data. These
lines are multiplexed, with address present at Address
Strobe time and data present at Data Strobe time. When in
the data mode, these lines are bidirectional, transferring
data to and from memory and peripheral devices as
indicated by the Rm pin. As outputs in either the data or
address modes, these lines are capable of driving one
standard TTL load and 130pF.

OSC1, OSC2 - The CDP6805E2/3 provides for two types
of oscillator inputs - crystal circuit or external clock. The
two oscillator pins are used to interface to a crystal circuit,
as shown in Figure 5. If an external clock is used, it must be
conected to OSC1. The input at these pins is divided by five
to form the cycle rate seen on the AS and DS pins. The
frequency range is specified by fOSC. The OSC1 to bus
transitions relationships are provided in Figure 9 for system
designs using oscillators slower than 5 MHz.



Crystal - The circuit shown In Figure 5 IS recom-
mended when uSing a crystal. The Internal OSCillator IS
designed to interface with an AT -cut parallel resonant
quartz crystal resonator in the frequency range
specified for fOSC in the electrical characteristics
table. An external CMOS oscillator is recommended
when crystals outside the specified ranges are to be
used. The crystal and components should be mounted
as close as possible to the input pins to minimize out-
put distortion and start-up stabilization time.

External Clock - An external clock should be ap-
plied to the OSCl Input with the OSC2 input not con-
nected, as shown in Figure 10.

05Cl 39

05C2
38No

ConnectIon
INCI

Data Direction
Register

Port A
Register

LI (Load Instruction) - ThiS output is usp.d to Indicate that
a fetch of the next opcode IS In progress. LI remains low dur
ing an External or Timer interrupt. The LI output is only used
for certain debugging and test systems. For normal opera-
tions this pin is not connected. The LI output is capable of
driving one standard TTL load and 50 pF. This signal
overlaps Data Strobe.

PAO-PA7 - These eight pins constitute Input/Output
Port A. Each line is individually programmed to be either an
input or output under software control via its Data Direction
Register as shown below. An I/O pin is programmed as an
output when the corresponding DDR bit IS set to a "1," and
as an input when it is set to a "0". In the output mode the
bits are latched and appear on the corresponding output
pins. An MPU read of the port bits programmed as outputs
reflect the last value written to that location. When program-
med as an input, the input data bit(s) are not latched. An
MPU read of the port bits programmed as inputs reflects the
current status of the corresponding input pins. The
Read/Write port timing is shown in Figure 3. See typical I/O
Port Circuitry in Figure 11. During a Power-On Reset or ex-
ternal RESET all lines are configured as inputs (zero in Data
Direction Register). The output port register IS not initialized
by reset. The TTL compatible three-state output buffers are
capable of driving one standard TTL load and 50 pF. The
DDR is a read/write register.

PBO-PB7 - These eight pins interface to Input/Output
Port B. Refer to PAO-PAl description for details of opera-
tion.

Data Direc\lOn
Register

Port B
Register
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To
And
From
CPU

RIW DDR I/O PIN FUNCTIONS

0 0 TheI/O pin is in inputmode.Datais written
intotheoutputdatalatch.

0 1 Data is writeen into the output data latch
andoutputtothe I/O pin.

1 0 Thestateof theI/O pinis read
1 1 TheI/O pin is in anoutputmode.Theoutput

datalatchis read.

Throughout
CDP6805E2
CDP6805E3.
CDP6805E3.

Memory Addressing
The CDP6805E2 is capable of addressing 8192 (65,536)
bytes of memory and I/O registers. The address space is
divided into internal memory space and external memory
space, as shown in Figure 12.

the following sections references to
imply both the CDP6805E2 and the
Values in parenthesis refer to the

The internal memory space is located within the first 128
bytes of memory (first half of page zero) and is comprised
of the I/O port locations, timer locations, and 112 bytes of
RAM. The MPU can read from or write to any of these
locations. A program write to on chip locations is repeated
on the external bus to permit off chip memory to duplicate
the content of on chip memory. Program reads to on chip
loacations also appear on the external bus, but the MPU
accepts data only from the addressed on chip location. Any
read data appearing on the input bus is ignored.

The stack pointer is used to address data stored on the
stack. Data is stored on the stack during interrupts and

subroutine calls. At power up, the stack pointer is set to $7F
and it is decremented as data is pushed onto the stack.
When data is removed from the stack, the stack pointer is
incremented. A maximum of 64 bytes of RAM is available
for stack usage. Since most programs use only a small part
of the allotted stack locations for interrupts and/or
subroutine stacking purposes, the unused bytes are usable
for program data storage.

All memory locations above location $007F are part of the
external memory map. In addition, ten locations in the I/O
portion of the lower 128 bytes of memory space, as shown
in Figure 12, are part of the external memory map. All of the
external memory space is user definable except the highest
10 locations. Locations $1FF6 to $1FFF ($FFF6 to $FFFF)
of the external address space are reserved for interrupt and
reset vectors (see Figure 12).

The CDP6805E2 contains five registers as shown in the
programming model in Figure 13. The interrupt stacking
order is shown in Figure 14.

Accumulator (A) - This Accumulator is an 8-bit general
purpose register used for arithmetic calculations and data
manipulations.

Index Register (X) - The X register is an 8-bit register
which is used during the indexed modes of addressing.
It provides an 8-bit operand which is used to create an
effective address. The index register is also used for
data manipulations with the Read/Modify/Write type of
instructions and as a temporary storage register when not
performing addressing operations.

Program Counter (PC) - The program counter is a 13-bit
(16-bit) register that contains the address of the next
instruction to be executed by the processor.
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STACK POINTER (SP) - The stack pointer is a 13-bit
(16-bit) register containing the address of the next free
location on the stack. When accessing memory, the seven
most signlflcant bits are permanently set to 0000001
.(0oooooo1סס) They are appended to the six least-signifi-
cant register bits to produce an address within the range of
$007F to $0040. The stack area of RAM is used to store the
return address on subroutine calls and the machine state
during Interrupts. During external or power-on reset, and
during a "reset stack pointer" Instruction, the stack pointer
Is set to Its upper limit ($007F). Nested Interrupts and/or
subroutines may use up to 64 (decimal) locations, beyond
which the stack pointer "wraps around" and points to its
upper limit thereby losing the previously stored information.
A subroutine call occupies two RAM byles on the stack,
while an Interrupt uses five byles.

CONDITION CODE REGISTER (CC) - The condition
code register Is a 5-bit register In which each blt.ls used to
indicate the results of the Instruction just executed. These

bits can be individually tested by a program and specific
action taken as a result of their state. Each of the five bits is
explained below.

Half Carry Bit (H) - The H-bit is set to a one when a carry
occurs between bits 3 and 4 of the ALU during an ADD or
ADC instruction. The H-bit Is useful in Binary Coded
Decimal addition subroutines.

Interrupt Mask Bit (I) - When the I-bit is set, both the
external interrupt and the timer interrupt are disabled.
Clearing this bit enables the above interrupts. If an interrupt
occurs while the I-bit is set, the interrupt is latched and will
be processed when the I-bit is next cleared.

Negative Bit (N) - When set, this bit indicates that the
result of the last arithmetic, logical, or data manipulation
was negative (bit 7 in the result is a logical one).

Zero Bit (Z) - When set, this bit indicates that the result
of the last arithmetic,logical, or data manipulation was zero.



Carry Bit (C) - The C-bit is set when a carry or a borrow out
of the AlU occurs during an arithmetic instruction. The
C-bit is also modified during bit test, shift, rotate, and
branch types of instruction.

The CDP6805E2 has two reset modes: an active low
external reset pin (RESET) and a Power On Reset function;
refer to Figure 5.

RESET (Pin #1) - The RESET input pin is used to reset the
MPU and provide an orderly software start up procedure.
When using the external reset mode, the RESET pin must
stay low for a minimum of one !eyc. The RESET pin is
provided with a Schmitt Trigger to improve its noise
immunity capability.

Power On Reset - The Power On Reset occurs when a
positive transition is detected on VDD. The Power On Reset
is used strictly for power turn on conditions and should not
be used to detect any drops in the power supply voltage.
There is no provision for a power down reset. The power on
circuitry provides for a 1920 tcyc delay from the time of the
first oscillator operation. If the external reset pin is low at the
end of the 1920 tcyc time out, the processor remains in the
reset condition.

Either of the two types of reset conditions causes the
following to occur:

• Timer control register interrupt request bit (bit 7) is
cleared to a "0".

• Timer control register interrupt mask bit (bit 6) is set to
a "1".

• All data direction register bits are cleared to a "0" (in-
puts).

• Stack pointer is set to $007F
• The address bus is forced to the reset vector ($1 FFE,

$1 FFF ($FFFE, $FFFF)
• Condition code register interrupt mask bit (I) is set to a "1"
• STOP and WAIT latches are reset.
• External interrupt latch is reset.

All other functions, such as other registers (including output
ports) the timer, etc., are not cleared by the reset conditions.

Interrupts
The CDP6805E2 is capable of operation with three different
interrupts, two hardware (timer interrupt and external inter-
rupt) and one software (SWI). When any of these interrupts
occur, normal processing is suspended at the end of the
current instruction execution. All of the program registers
(the machine state) are pushed onto the stack; refer to
Figure 14 for stacking order. The appropriate vector point-
ing to the starting address of the interrupt service routine is
then fetched; refer to Figure 15 for the interrupt sequence.

The priority of the various interrupts from highest to lowest
is as follows:

RESET -+ * -+ External Interrupt -+ Timer Interrupt

Timer Interrupt - If the timer mask bit (TCR6) is cleared,
then each time the timer decrements to zero (transitions

from $01 to $00) an interrupt request is generated. The
actual processor interrupt is generated only if the interrupt
mask bit of the codition code register is also cleared. When
the interrupt is recognized, the current state of the machine
is pushed onto the stack and the I-bit in the condition code
register is set. This masks further interrupts until the present
one is serviced. The processor now vectors to the timer
interrupts service routine. The address for this service
routine is specified by the contents of $1 FF8 and $1 FF9
($FFF8 and $FFF9). The contents of $lFF6 and $1FF7
($FFF6 and $FFF7) specify the service routine. Also, soft-
ware must be used to clear the timer interrupt request bit
(TCR7). At the end of the time interrupt service routine, the
software normally executes an RTI instruction which
restores the machine state and starts executing the
interrupted program.

External Interrupt - If the interrupt mask bit of the condi-
tion code register is cleared and the external interrupt pin
IRQ is "low", then the external interrupt occurs. The action
of the external interrupt is identical to the timer interrupt with
the exception that the service routine add res is specified by
the contents of $1 FFA and $1 FFB ($FFFA and $FFFB). The
interrupt logic recognizes both a "wire ORed" level and
pulses on the external interrupt line. Figure 16 shows both a
functional diagram and timing for the interrupt line. The tim-
ing diagram shows two different treatments of the interrupt
line (IRQ) to the processor. The first configuration shows
many interrupt lines "wire ORed" to form the interrupts at
the processor. Thus, if after servicing an interrupt the IRQ
remains low, then the next interrupt is recognized. The
second method is single pulses on the interrupt line spaced
far enough apart to be serviced. The minimum time between
pulses is a function of the length of the interrupt service
routine. Once a pulse occurs, the next pulse should not
occur until the MPU software has exited the routine (an RTI
occurs). This time (tIUl) is obtained by adding 20 instruc-
tion cycles (one cycle tcyc = 5/fOSC) to the total number of
cycles it takes to complete the service routine including the
RTI instruction; refer to Figure 6.

Software Interrupt (SWI) - The software interrupt is an
executable instruction. The action of the SWI instruction is
similar to the hardware interrupts. The SWI is executed
regardless of the state of the interrupt mask in the condition
code register. The service routine address is specified by
the contents of memory locations $1 FFC and $1 FFD
($FFFC and $FFFD). See Figure 15 for interrupt and
instruction Processing Flowchart.

The following three functions are not strictly interrupts;
however, they are tied very closely to the interrupts. These
functions are RESET, STOP, WAIT.

RESET - The RESET input pin and the internal Power On
Reset function each cause the program to vector to an
initialization program. This vector is specified by the
contents of memory locations $1 FFE and $1 FFF ($FFFE
and $FFFF). The interrupt mask of the condition code
register is also set. Refer to RESET section for details.
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STOP - The STOP instruction places the CDP6805E2 in a
low power consumption mode. In the STOP function the
internal oscillator is turned off, causing all internal process-
ing and the timer to be halted; refer to Figure 17. The DS
and AS lines go to a low state and the Rffl line goes to a
high state. The multiplexed address/data bus goes to the
data input state. The high order address lines remain at the
address of the next instruction. The MPU remains in the
STOP mode until an external interrupt or reset occurs; refer
to Figure 8 and 17.

Stop Oscillator
And All Clocks
TCA Bit 7-0

Bit 6-1
Clear I Mask

Fig. 17 - Stop function flowchart

During the STOP mode, timer control register (TCR) bits 6
and 7 are altered to remove any pending timer interrupt
requests and to disable any further timer interrupts. External
interrupts are enabled in the condition code register. All
other registers and memory remain unaltered. All I/O lines
remain unchanged.

WAIT - The WAIT instruction places the CDP6805E2 in
a low power consumption mode, but the WAIT mode
consumes somewhat more power than the STOP mode;
refer to Table 1. In the WAIT function, the internal clock is
disabled from all internal circuitry except the Timer circuit,
refer to Figure 18. Thus, all internal processing is halted

except the Timer, which is allowed to count in a normal
sequence. The Rffl line goes to a high state, the multi-
plexed address/data bus goes to the data input state, and
the DS and AS lines go to the low state. The high order
address lines remain at the address of the next instruction.
The MPU remains in this state until an external interrupt,
timer interrupt, or a reset occurs; refer to Figures 7 and 18.

During the WAIT mode, the I-bit in the condition code
register is cleared to enable interrupts. All other registers,
memory, and I/O lines remain in their last state. The timer
may be enabled to allow a periodic exit from the WAIT
mode. If an external and a timer interrupt occur at the same
time, the external interrupt is serviced first; then, if the timer
interrupt request is not cleared in the external interrupt
routine, the normal timer interrupt (not the timer WAIT
interrupt) is serviced since the MCU is no longer in the WAIT
mode.

The MPU timer contains a single 8-bit software program-
mable counter with 7-bit software selectable prescaler. The
counter may be preset under program control and decre-
ments towards zero. When the counter decrements to zero,
the timer interrupt request bit, I.e., bit 7 of the Timer Control
Register (TCR) is set. Then if the timer interrupt is not
masked, I.e., bit 6 of the TCR and the I-bit in the Condition
Code Register are both cleared, the processor receives an
interrupt. After completion of the current instruction, the
processor proceeds to the store the appropriate registers
on the stack, and then fetches the timer vector address from
locations $1 FF8 and $1 FF9 ($FFF8 and $FFF9) in order to
begin servicing the interrupt, unless it was in locations
$1 FF6 and $1 FF7 ($FFF6 and $FFF7) the WAIT mode.

The counter continues to count after it reaches zero,
allOWing the software to determine the number of internal or
external input clocks since the timer interrupt request bit
was set. The counter may be read at any time by the
processor without distrubing the count. The contents of the
counter becomes stable prior to the read portion of a cycle
and does not change during the read. The timer interrupt
request bit remains set until cleared by the software. If this
happens before the timer interrupt is serviced, the interrupt
is lost. TCR7 may also be used as a scanned status bit in a
non-interrupt mode of operation (TCR = 1).

The prescaler is a 7-bit divider which is used to extend the
maximum length of the timer. Bit 0, bit 1, and bit 2 of the
TCR are programmed to choose the appropriate prescaler
output which is used as the counter input. The processor
cannot write into or read from the prescaler; however, its
contents are cleared to all "D's" by the write operation into
TCR when bit 3 of the written data equals 1, which allows
for truncation free counting.

The Timer input can be configured for three different
operating modes, plus a disable mode depending on the
value written to the TCR4, TCR5 control bits. Refer to the
Timer Control Register section.

Timer Input Mode 1 - If TCR4 and TCR5 are both
programmed to a "0", the input to the Timer is from an inter-
nal clock and the Timer input is disabled. The internal clock
mode can be used for periodic interrupt generation, as well



Oscillator Active
Clear I-Bit

Timer Clock Active
All Other Clocks

Stop

Fetch External Interrupt
Reset. or Timer Interrupt

(from WAIT Mode only)

as a reference in frequency and event measurement. The in-
ternal clock is the instruction cycle clock and is coincident
with Address Strobe (AS) except during a WAIT instruction.
During a WAIT instruction the AS pin goes to a low state but
the internal clock to the Timer continues to run at its normal
rate.

Timer Input Mode 3 - If TCR4= ° and TCR5= 1, then all
inputs to the Timer are disabled.

Timer Input Mode 4 - If TCR4 = 1 and TCR5 = 1, the in-
ternal clock input to the Timer is disabled and the TIMER in-
put pin becomes the input to the Timer. The external Timer
pin can, in this mode, be used to count external events
as well as external frequencies for generating periodic inter-
rupts.

Timer Input Mode 2 - With TCR4= 1 and TCR5= 0, the
internal clock and the TIMER input pin are ANDed together
to form the Timer input signal. This mode can be used to
measure external pulse widths. The external pulse simply
turns on the internal clock for the duration of the pulse. The
resolution of the count in this mode is ± 1 clock and
therefore accuracy improves with longer input pulse widths.

Figure 19 shows a block diagram of the Timer subsystem.
Power-on Reset and the STOP instruction cause the counter
to be set to SFO.
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,~--------------------- ~II
Software Functions

NOTES:
1. Presealer and 8-bit counter are clocked falling edge of the internal clock (AS) or external

input.
2. Counter is written to during Data Strobe (OS) and counts down continuously.

TCR7 - Timer interrupt request bit: bit used to indicate
the timer Interrupt when It IS logic "'''.

1 Set whenever the counter decrements to zero, or un-
der progr"", control.

o Cleared on external reset, power-on reset, STOP In-
struction, or program control.

TCR6 - Timer interrupt mask bit: when thiS bit IS a logiC
"'" It inhibits the timer interrupt to the pr0cessor.

, Set on external reset, power-on reset. STOP Instruc-
tion, or program control.

o Cleared under program control.

TCR5 - External or Internal bit: selects the Input clock
source to be either the external timer pin or the Internal
clock. (Unaffected by RESET. I

, Select external clock source.
o - Select Internal clock source IASI.

TCR4 - External enable bit: control bit used to enable the
external timer pin (Unaffected by RESET.)

, - Enable external timer pin.
o - Disable external timer pin.

TCR5 TCR4

[;

0 Internal clock (ASI to Timer

o , AND of internal. clock (AS) and TIMER
pin to Timer

, 0 Inputs to Timer disabled
1 , TIMER pin to Timer

TCR3 - Timer Prescaler Reset bit: writing a "'" to this bit
resets the prescaler to zero. A read of this location always in-
dicates a "0." (Unaffected by RESET.)

TCR2, TeR1, TCRO - Prescaler address bits: decoded to
select one of eight taps on the prescaler. (Unaffected by
RESET.)

TCR2 TCR1 TCRO Result
0 0 0 +1
0 0 , +2
0 1 0 +4
0 1 1 +8, 0 0 +16
1 0 1 +32
1 1 0 +64
1 1 1 +128



SYSTEM CONFIGURATION
Figures 20 through 24 show in general terms how the

CDP6805E2 bus structure may be utilized. Specified inter-
face details vary with the various peripheral and memory
devices employed.

A8·A12

CDP6805E2
CMOS

Microprocessor
8o-B7

Address Strobe

Data Strobe

Read/Write

AS
DS
R/W

i"RO
CKOUT
RESET
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DS
R/W

IRQ

RESET

NOTE: In some cases, pUliup resistors or other level
shifting techniques may be required on signals
going from NMOS to CMOS parts.

Data Strobe

Read/Write

Interrupt

Read/
R/W Write Read

Data StrobeDS

CMOS
Non-Muxed

ROM or
EPROM

Output
Enable S

Chip
Enable E



CDP6805E2
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Write
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Static
RAMs

A8-A12 Address
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Read/

R/W
Write

Address

AS
Strobe

Output
Enable

S

'Write

Chip
Enable E

ma:
,0Oma:mow-0

~O
a:
ll.



Table 4 provides a detailed description of the information
present on the Bus, the Read/Write (R/Wl pin and the Load
Instruction (1I) pin during each cycle for each instruction.

This information is useful in comparing actual with ex-

pected results during debug of both software and hardware
as the control program is executed. The information is
categorized in groups according to addressing mode and
number of cycles per instruction.

Address Mode I Cycles Cycle I Address Bus
RIW LI Data Bus

Instructions Pin Pin

Inherent
LSR LSL
ASR NEG 1 Op Code Address 1 1 Op Code
CLR ROL 3 2 Op Code Address + 1 1 0 Op Code Next Instruction
COM ROR 3 Op Code Address + 1 1 0 Op Code Next Instruction
DEC INC TST
TAX CLC SEC 1 Op Code Address 1 1 Op Code
STOP CLI SEI 2
RSP WAIT NOP TXA 2 Op Code Address + 1 1 0 Op Code Next Instruction

1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Op Code Next Instruction

RTS 6 3 Stack Pointer 1 0 Irrelevant Data
4 Stack Pointer + 1 1 0 Irrelevant Data
5 I Stack Pointer + 2 1 0 Irrelevant Data
6 New Op Code Address 1 0 New Op Code
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Op Code Next Instruction
3 Stack Pointer 0 0 Return Address (LO Byte)
4 Stack Pointer - 1 0 0 Return Address (HI Bytel

SWI 10 5 Stack Pointer - 2 0 0 Contents of Index Register
6 Stack Pointer - 3 0 0 Contents of Accumulator
7 Stack Pointer - 4 0 0 Contents of CC Register
8 Vector Address 1FFC (FFFC) (Hex) 1 0 Address of Int. Routine (HI Bytel
9 Vector Address 1FFD (FFFD) (Hex) 1 0 Address of Int. Routine (LO Byte)
10 Interrupt Routine Starting Address 1 0 Interrupt Routine First Opcode
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Op Code Next Instruction
3 Stack Pointer 1 0 Irrelevant Data
4 Stack Pointer + 1 1 0 Irrelevant Data

RTI 9 5 Stack Pointer + 2 1 0 Irrelevant Data
6 Stack Pointer + 3 1 0 Irrelevant Data
7 Stack Pointer + 4 1 0 Irrelevant Data
il Stack Pointer + 5 1 0 Irrelevant Data
9 New Op Code Address 1 0 New Op Code

Immediate
ADC EOR CPX
ADD LOA LOX

2 1 Op Code Address 1 1 Op Code
AND ORA BIT 2 Op Code Address + 1 1 0 Operand Data
SBC CMB SUB
Bit Set/ Clear

1 Op Code Address 1 1 Op Code

BSET n 2 Op Code Address + 1 1 0 Address of Operand

BCLR n 5 3 Address of Operand 1 0 Operand Data
4 Address of Operand 1 0 Operand Data
5 Address of Operand 0 0 Manipulated Data

Bit Test and Branch
1 Op Code Address 1 1 Op Code

BRSET n 2 Op Code Address + 1 1 0 Address of Operand

BRCLR n 5 3 Address of Operand 1 0 Operand Data
4 Op Code Address + 2 1 0 Branch Offset
5 Op Code Address + 2 1 0 Branch Offset

Relative
BCC BHI BNE BEG 1 Op Code Address 1 1 Op CodeBCS BPL BHCC BLS
BIL BMC BRN BHCS 3 2 Op Code Address + 1 1 0 Branch Offset

BIH BMI BMS BRA 3 Op Code Address + 1 1 0 Branch Offset

1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Branch Offset

BSR 6 3 Op Code Address + 1 1 0 Branch Offset
4 Subroutine Starting Address 1 0 First Subroutine Op Code
5 Stack Pointer 0 0 Return Address (LO Bytel
6 Stack Pointer - 1 0 0 Return Address (HI Bytel



Address Mode I Cycles Cycles I Address Bus R/W LI Data BusInstructions I Pin Pin
Direct

2 1 Op Code Address 1 1 Op Code
JMP 2 Op Code Address + 1 1 0 Jump Address
ADC EOR CPX 1 Op Code Address 1 1 Op Code
ADD LOA LOX
AND ORA BIT 3 2 Op Code Address + 1 1 0 Address of Operand

SBC CMP SUB 3 Address of Operand 1 0 Operand Data

1 Op Code Address 1 1 Op Code

TST 4
2 Op Code Address + 1 1 0 Address of Operand
3 Address of Operand 1 0 Operand Data
4 Op Code Address + 2 1 0 Op Code Next Instruction
1 Op Code Address 1 1 Op Code

STA 4 2 Op Code Adrress + 1 1 0 Address of Operand
STX 3 Op Code Address + 1 1 0 Address of Operand

4 Address of Operand 0 0 Operand Data

LSL LSR DEC 1 Op Code Address 1 1 Op Code

ASR NEG INC 2 Op Code Address + 1 1 0 Address of Operand

CLR ROL 5 3 Operand Address 1 0 Current Operand Data

COM ROR 4 Operand Address 1 0 Current Operand Data
5 Operand Address 0 0 New Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Subroutine Address (LO Byte)

JSR 5 3 Subroutine Starting Address 1 0 1st Subroutine Op Code
4 Stack Pointer 0 0 Return Address (LO Byte)
5 Stack Pointer - 1 0 0 Return Address (HI Byte)

Extended
1 Op Code Address 1 1 Op Code

JMP 3 2 Op Code Address + 1 1 0 Jump Address (HI Byte)
3 Op Code Address + 2 1 0 Jump Address (LO Byte)

ADC BIT ORA 1 Op Code Address 1 1 Op Code
ADD CMP LOX 4 2 Op Code Address + 1 1 0 Address Operand (HI Byte)
AND EOR SBC 3 Op Code Address + 2 1 0 Address Operand (LO Byte)
CPX LOA SUB 4 Address of Operand 1 0 Operand Data-

1 Op Code Address 1 1 Op Code

STA 2 Op Code Address + 1 1 0 Address of Operand (HI Byte)

STX 5 3 Op Code Address + 2 1 0 Address of Operand (LO Byte)
4 Op Code Address + 2 1 0 Address of Operand (LO Byte)
5 Address of Operand 0 0 Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Address of Subroutine {HI Byte}

JSR 6
3 Op Code Address + 2 1 0 Address of Subroutine (LO Byte)
4 Subroutine Starting Address 1 0 1st Subroutine Op Code
5 Stack Pointer 0 0 Return Address (LO Byte)
6 Stack Pointer - 1 0 0 Return Address (HI Byte)

Indexed, No-Offset

JMP 2 1 Op Code Address , 1 Op Code
2 Op Code Address + 1 , 0 Op Code Next Instruction

ADC EOR CPX
1 Op Code Address 1 1 Op CodeADD LOA LOX

AND ORA BIT 3 2 Op Code Address + 1 1 0 Op Code Next InstructlOn

SBC CMP SUB 3 Index Register 1 0 Operand Data

1 Op Code Address 1 ) Op Code

TST 4 2 Op Code Address + 1 1 0 Op Code Next Instruction
3 Index Register 1 0 Operand Data
4 Op Code Address + 1 1 0 Op Code Next Instruction
1 op Code Add ress 1 1 Op Code

STA
4 2 Op Code Address + 1 1 0 Op Code Next Instruction

STX 3 Op Code Address + 1 1 0 Op Code Next Instruction
4 Index Register 0 0 Operand Data
1 Op Code Address

--
Op CodeLSL LSR DEe

, 1

ASR NEG INC 2 Op Code Address + 1 , 0 Op Code Next Instruction

CLR ROL 5 3 Index Register , 0 Current Operand Data

COM ROR 4 Index Register 1 0 Current Operand Data
5 Index Register 0 0 New Operand Data, Op Code Address 1 , Op Code
2 Op Code Address + 1 1 0 Op Code Next Instruction

JSR 5 3 Index Register 1 0 1st Subroutine Op Code
4 Stack POinter 0 0 Return Address (LO Byte)
5 Stack POinter - 1 0 0 Return Address IHI Byte)
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Address Mode

I Cycles Cycles I Address Bus R/W LI Data BusInstructions Pin Pin
Indexed 8-Bit Offset

1 Op Code Address 1 1 Op Code
JMP 3 2 Op Code Address + 1 1 0 Offset

3 Op Code Address + 1 1 0 Offset
ADC EOR CPX 1 Op Code Address 1 1 Op Code
ADD LOA LOX 4 2 Op Code Address + 1 1 0 Offset
AND ORA CMP 3 Op Code Address + 1 1 0 Offset
SUB BIT SBC 4 Index Register + Offset 1 0 Operand Data

1 Op Code Address 1 1 Op Code

STA 2 Op Code Address + 1 1 0 Offset

STX 5 3 Op Code Address + 1 1 0 Offset
4 Op Code Address + 1 1 0 Offset
5 Index Realster + Offset 0 0 Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Offset

TST 5 3 Op Code Address + 1 1 0 Offset
4 Index Register + Offset 1 0 Operand Data
5 Op Code Address + 2 1 0 Op Code Next Instruction

LSL LSR 1 Op Code Address 1 1 Op Code

ASR NEG 2 Op Code Address + 1 1 0 Offset

, CLR ROL 6 3 Op Code Address + 1 1 0 Offset

: COM ROR
4 Index Register + Offset 1 0 Current Operand Data
5 Index Register + Offset 1 0 Current Operand DataDECINC 6 Index Register + Offset 0 0 New Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Offset

JSR 6 3 Op Code Address + 1 1 0 Offset
4 Index Register + Offset 1 0 1st Subroutine Op Code
5 Stack Pointer 0 0 Return Address LO Byte
6 Stack POinter - 1 0 0 Return Address HI Byte

Indexed, 16-Bit Offset
1 Op Code Address 1 1 Op Code

JMP 4 2 Op Code Address + 1 1 0 Offset (HI Bytel
3 Op Code Address + 2 1 0 Offset (LO Byte)
4 Op Code Address + 2 1 0 Offset (LO Byte)

ADC CMP SUB 1 Op Code Address 1 1 Op Code
ADD EOR SBC 2 Op Code Address + 1 1 0 Offset (HI Bytel
AND ORA 5 3 Op Code Address + 2 1 0 Offset (LO Byte)
CPX LOA 4 Op Code Address + 2 1 0 Offset (LO Byte)
BIT LOX 5 Index Register + Offset 1 0 Operand Data

1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Offset (HI Bytel

STA
6 3 Op Code Address + 2 1 0 Offset (LO Byte)

STX 4 Op Code Address + 2 1 0 Offset (LO Byte)
5 Op Code Address + 2 1 0 Offset (LO Byte)
6 Index Register + Offset 0 0 Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Offset (HI Bytel
3 Op Code Address + 2 1 0 Offset (LO Byte)

JSR 7 4 Op Code Address + 2 1 0 Offset (LO Byte)
5 Index Register + Offset 1 0 1st Subroutine Op Code
6 Stack Pointer 0 0 Return Address (LO Bytel
7 Stack Pointer - 1 0 0 Return Address (HO Bytel



-
Instructions Cycles Cycles I Address Bus RESET R/W LI Data BusPin Pin Pin

Other Functions
$1FFE ($FFFE) 0 1 0 Irrelevant Data
$1 FFE ($FFFE) 0 1 0 Irrelevant Data

1 $1 FFE ($FFFE) 1 1 0 Irrelevant Data
Hardware RESET 5 2 $1FFE ($FFFE) 1 1 0 Irrelevant Data

3 $1FFE ($FFFE) 1 1 0 Vector High
4 $1 FFF ($FFFF) 1 1 0 Vector Low
5 Reset Vector 1 1 0 Op Code
1 $1 FFE ($FFFE) 1 1 0 Irrelevant Data

• • • • • •
• • • • • •• • • • • •

Power on Reset 1922
1919 $1FFE ($FFFE) 1 1 0 Irrelevant Data
1920 $1FFE ($FFFE) 1 1 0 Vector High
1921 $1 FFF ($FFFF) 1 1 0 Vector Low
1922 Reset Vector 1 1 0 Op Code

Instruction Cycles Cycles I Address Bus iRO R/W LI Data BusPin Pin Pin

I
Last Cycle of Previous

0 X 0 X
Instruction

I 1 Next Op Code Address 0 1 0 Irrelevant Data

2 Next Op Code Address X 1 0 Irrelevant Data

3 SP X 0 0 Return Address (LO Bytel
IRQ Interrupt 10 4 SP-1 X 0 0 Return Address (HI Bytel
(Timer Vector $lFF8, $lFF9l 5 SP-2 X 0 0 Contents Index Reg

6 SP-3 X 0 0 Contents Accumulator
7 SP-4 X 0 0 Contents CC Register
8 $1FFA ($FFFA) X 1 0 Vector High
9 $1FFB ($FFFB) X 1 0 Vector Low
10 IRQ Vector X 1 0 Int Routine First
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All members of the CDP6805 and CDP68HC05 families of
MCUs share an identical register set with variations only in
the width of the program counter (PC) and stack pointer
(SP), and variations in memory and 1/0 facilities. Since aliI/
o is memory mapped, no special instructions are needed to
handle the differences between devices.

A common set of 61 basic instructions are used, by all
CDP6805 and CDP68HC05 MCUs, to operate on the regis-
ters and memory. In addition to the shared set, all
CDP68HC05 MCUs have one additional instruction - Multi-
ply (MUL).

The instruction set can be divided into five different
types: registerlmemory, read-modify-write, branch, bit
manipulation, and control. The following paragraphs briefly
explain each type. All the instructions within a given type are
presented in individual tables.

ReglsterlMemory Instructions

Most of these instructions use two operands. The first oper-
and is either the accumulator or the index register. The sec-
ond operand is obtained from memory using one of the
addressing modes. The operand for the jump unconditional
(JMP) and jump to subroutine (JSR) instructions is the pro-
gram counter. Refer to Table 1.

Read-Modlfy-Wrlte Instructions

These instructions read a memory location or a register, mod-
ify or test its contents, and write the modified value back to
memory or to the register. The test for negative or zero (TSl)
instruction is an exception to the read-modify-write sequence
since it does not modify the value. Refer to Table 2.



ADDRESSING MODES

INDEXED INDEXED INDEXED
IMMEDIATE DIRECT EXTENDED (NO OFFSET) (8-BIT OFFSET) (l6-BIT OFFSET)

OP NO. NO. OP NO. NO. OP NO. NO. OP NO. NO. OP NO. NO. OP NO. NO.
FUNCTION MNEM CODE BYTES CYCLES CODE BYTES CYCLES CODE BYTES CYCLES CODE BYTES CYCLES CODE BYTES CYCLES CODE BYTES CYCLES

Load A from LOA A6 2 2 B6 2 3 C6 3 4 F6 1 3 E6 2 4 06 3 5
Memory

Load X from LOX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5
Memory

Store A STA - · B7 2 4 C7 3 5 F7 1 4 E7 2 5 07 3 6
in Memory

Store X STX · - . BF 2 4 CF 3 5 FF 1 4 EF 2 5 OF 3 6
in Memory

Add Memory ADD AB 2 2 BB 2 3 CB 3 4 FB 1 3 EB 2 4 DB 3 5
toA

Add Memory ADC A9 2 2 B9 2 3 C9 3 4 F9 1 3 E9 2 4 09 3 5
and Carry to A

Subtract SUB AO 2 2 BO 2 3 CO 3 4 FO 1 3 EO 2 4 DO 3 5
Memory

Subtract SBC A2 2 2 B2 2 3 C2 3 4 F2 1 3 E2 2 4 02 3 5
Memory From A
with Borrow

AND Memory AND A4 2 2 B4 2 3 C4 3 4 F4 1 3 E4 2 4 D4 3 5
toA

OR Memory ORA AA 2 2 SA 2 3 CA 3 4 FA 1 3 EA 2 4 OA 3 5
with A

Exclusive OR EOR A8 2 2 B8 2 3 C8 3 4 F8 1 3 E8 2 4 08 3 5
Memory with A

Arithmetic CMP A1 2 2 B1 2 3 C1 3 4 F1 1 3 E1 2 4 01 3 5
Compare
A with Memory

Arithmetic CPX A3 2 2 B3 2 3 C3 3 4 F3 1 3 E3 2 4 03 3 5
Compare X
with Memory

Bit Test Memory BIT A5 2 2 B5 2 3 C5 3 4 F5 1 3 E5 2 4 05 3 5
with A (Logical
Compare)

Jump JMP · · . BC 2 2 CC 3 3 FC 1 2 EC 2 3 DC 3 4
Unconditional

Jump to JSR · · BO 2 2 CD 3 3 FO 1 5 ED 2 6 DO 3 7
Subroutine

INSTRUCTION
SET



ADDRESSING MODES

INDEXED INDEXED
INHERENT (Al INHERENT (Xl DIRECT (NO OFFSET) 8-BIT OFFSET)

OP NO. NO. OP NO. NO. OP NO. NO. OP NO. NO. OP NO. NO.
FUNCTION MNEM CODE BYTES CYCLES CODE BYTES CYCLES CODE BYTES CYCLES CODE BYTES CYCLES CODE BYTES CYCLES

Increment INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6

Decrement OEC 4A 1 3 5A 1 3 3A 2 5 7A 1 5 6A 2 6

Clear CLR 4F 1 3 5F 1 3 3F 2 5 7F 1 5 6F 2 6

Complement COM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6

Negate NEG 40 1 3 50 1 3 30 2 5 70 1 5 60 2 6
(2'5 Complement)

Rotate Left Thru ROL 49 1 3 59 1 3 39 2 5 79 1 5 69 2 6
Carry

Rotate Right Thru ROR 46 1 3 56 1 3 36 2 5 76 1 5 66 2 6
Carry

Logical Shift Left LSL 48 1 3 58 1 3 38 2 5 78 1 5 68 2 6

Logical Shift Right LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6

Arithmetic ASR 47 1 3 57 1 3 37 2 5 n 1 5 67 2 6
Shift Right

Test for Negative or TST 40 1 3 50 1 3 3D 2 4 70 1 4 60 2 5
Zero

Multiplyt MULt 42 1 11 . . . . . . . . . . .



Branch Instructions

Most branch instructions test the state of the condition code
register and if certain criteria are met. a branch is executed.
This adds an offset between -127 and +128 to the current
program counter. Refer to Table 3.

TABLE 3. BRANCH INSTRUCTIONS

RELATIVE ADDRESSING
MODE

OP NO. NO.
FUNCTION MNEM CODE BYTES CYCLES

Branch Always BRA 20 2 3

Branch Never BRN 21 2 3

Branch IFF Higher BHI 22 2 3

Branch IFF lower or BlS 23 2 3
Same

Branch IFF Carry BCC 24 2 3
Clear

(Branch IFF Higher or (BHS) 24 2 3
Same)

Branch IFF Carry Set BCS 25 2 3

(Branch IFF lower) (BlO) 25 2 3

Branch IFF Not Equal BNE 26 2 3

Branch IFF Equal BEQ 27 2 3

Branch IFF Hall Carry BHCC 28 2 3
Clear

Branch IFF Half Carry BHCS 29 2 3
Set

Branch IFF Plus BPl 2A 2 3

Branch IFF Minus BMI 2B 2 3

Branch IFF Interrupt BMC 2C 2 3
Mask Bit is Clear

Branch IFF Interrupt BMS 20 2 3
Mask Bit is Set

Branch IFF Interrupt Bil 2E 2 3
Line is low

Branch IFF Interrupt BIH 2F 2 3
Line is High

Branch to SubroutinE' BSR AD 2 6

Bit Manipulation Instructions

The MCU is capable of setting or clearing any bit which
resides in the first 256 bytes of the memory space except for
ROM, port 0 data location ($03), serial peripheral status reg-
ister ($OB), serial communications status register (10), timer
status register ($13), and timer input capture register ($14-
$15). All port registers, port DDRs. timer, two serial systems.
on-chip RAM. and 48 bytes of ROM reside in the first 256
bytes (page zero). An additional feature allows the software
to test and branch on the state of any bit within the first 256
locations. The bit set, bit clear. and bit test and branch func-
tions are all implemented with a single instruction. For the
test and branch instructions. the value of the bit tested is
automatically placed in the carry bit of the condition code
register. Refer to Table 4.

OP NO. NO.
FUNCTION MNEM CODE BYTES CYCLES

SetBitn BSET 10+20fl 2 5
n(n=0 ... 7)

Clear Bn n BClR 11 +20fl 2 5
n(n=0 ... 7)

OP NO. NO.
FUNCTION MNEM CODE BYTES CYCLES

Branch IFF BRSET 20fl 3 5
Bit n is Set n (n = 0 ... 7)

Branch IFF BRClR 01 +20fl 3 5
Bit n is Clear n (n = 0 ... 7)
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Control Instructions

These instructions are register reference instructions and
are used to control processor operation during program exe-
cution. Refer to Table 5.

TABLE 5. CONTROLINSTRUCTIONS

INHERENT

OP NO. NO.
FUNCTION MNEM CODE BYTES CYCLES

TransferA to X TAX 97 1 2

TransferX to A TXA 9F 1 2

Set CarryBit SEC 99 1 2

ClearCarryBit CLC 98 1 2

Set InterruptMaskBit SEI 9B 1 2

Clear InterruptMask CLI 9A 1 2
Bit

SoftwareInterrupt SWI 83 1 10

ReturnfromSubroutine RTS 81 1 6

Returnfrom Interrupt RTI 80 1 9

ResetStack Pointer RSP 9C 1 2

No-Operation NOP 90 1 2

Stop STOP 8E 1 2

Wait WAIT 8F 1 2

Alphabetical Ustlng

The complete instruction set is given in alphabetical order in
Table 6.

Opcode Map

Table 7 is an opcode map for the instructions used on the
MCU.

Addressing Modes
The MCU uses ten different addressing modes to provide the
programmer with an opportunity to optimize the code to all situ-
ations. The various indexed addressing modes make it possi-
ble to locate data tables, code conversion tables, and scaling
tables anywhere in the memory space. Short indexed accesses
are single byte instructions, while the longest instructions (three
bytes) permit accessing tables throughout memory. Short abso-
lute (direct) and long absolute (extended) addressing are also
included. One and two byte direct addressing instructions
access all data bytes in most applications. Extended address-
ing permits jump instructions to reach all memory. Table 7
shows the addressing modes for each instruction, with the
effects each instruction has on the condition code register.

The term "effective address" (EA) is used in describing the vari-
ous addressing modes, and is defined as the byte address to or
from which the argument for an instruction is fetched or stored.
The ten addressing modes of the processor are described
below. Parentheses are used to indicate "contents of' the loca-
tion or register referred to; e.g., (PC) indicates the contents of
the location pointed to by the PC. An arrow indicates "is
replaced by", and a colon indicates concatenation of two bytes.

Inherent

In inherent instructions, all the information necessary to exe-
cute the instruction is contained in the opcode. Operations
specifying only the index register or accumulator, and no
other arguments, are included in this mode.

Immediate

In immediate addressing, the operand is oontained in the byte
immediately following the opcode. Immediate addressing is
used to access oonstants which do not change during program
execution (e.g., a oonstant used to initialize a loop counter).

EA = PC + 1; PC +- PC + 2

Direct

In the direct addressing mode, the effective address of the
argument is contained in a single byte following the opcode
byte. Direct addressing allows the user to directly address the
lowest 256 bytes in memory with a single two byte instruction.
This includes most on-chip RAM and all I/O registers. Direct
addressing is efficient in both memory and time.

EA = (PC +1); PC +- PC + 2

Address Bus High 0; Address Bus Low +- (PC + 1)

Extended

In the extended addressing mode, the effective address of
the argument is contained in the two bytes following the
opcode. Instructions with extended addressing modes are
capable of referencing arguments anywhere in memory with
a single three-byte instruction.

EA = (PC + 1): (PC + 2); PC +- PC + 3

Address Bus High +- (PC + 1); Address Bus Low +- (PC + 2)



CONDITION
ADDRESSING MODES CODES

INDEXED BIT TEST
(NO INDEXED INDEXED BITSETI AND

MNEM INHERENT IMMEDIATE DIRECT EXTENDED RELATIVE OFFSEl) (a-BITS) (16-BITS) CLEAR BRANCH H I N Z C

ADC X X X X X X A · A A A

ADD X X X X X X A · A A A

AND X X X X X X · · A · A

ASL X X X X · · A A A

ASR X X X X · · A A A

BCC X · · · · ·
BClR X · · · · ·
BCS X · · · · ·
BEQ X · · · · ·

BHCC X · · · · ·
BHCS X · · · · ·
BHI X · · · · ·
BHS X · · · · ·
BIH X · · · · ·
Bil X · · · · ·
BIT X X X X X X · · A A ·
BlO X · · · · ·
BlS X · · · · ·
BMC X · · · · ·
BMI X · · · · ·
BMS X · · · · ·
BNE X ·· · · ·
BPl X · · · · ·
BRA X · · · · ·
BRN X · · · · ·

BRClR X · · · · A

BRSET X · · · · A

BSET X · · · · ·
BSR X · · · · ·
ClC X · · · · 0

CLI X · 0 · · ·
ClR X X X X · · 0 1 ·
CMP X X X X X X · · A A A

COM X X X X · · A A 1

CPX X X X X X X · · A A
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CONDITION
ADDRESSING MODES CODES

INDEXED BIT TEST
(NO INDEXED INDEXED BITSETI AND

MNEM INHERENT IMMEDIATE DIRECT exTENDED RELATIVE OFFSET) (ll-BITS) (16-BITS) CLEAR BRANCH H I N Z C

OEC X X X X · · A A ·
EOR X X X X X X · · A A ·
INC X X · · A A ·
JMP X· X X X X · · · · ·
JSR X X X X X · · · · ·
LOA X X X X X X · · A A ·
LOX X X X X X X · · A A ·
LSL X X X X · · A A A

LSR X X X X · · 0 A A

MULt X 0 · · · 0

NEG X X X X · · A A A

NOP X · · · · ·
ORA X X X X X X · · A A ·
ROL X X X X · · A A A

ROR X X X X · · A A A

RSP X · · · · ·
RTI X ? ? ? ? ?

RTS X · · · · ·
SBC X X X X X X · · A A A

SEC X · · · · 1

SEI X · 1 · · ·
STA X X X X X · · A A ·

STOP X · 0 · · ·
STX X X X X X · · A A ·
SUB X X X X X X · · A A A

SWI X · 1 · · ·
TAX X · · · · ·
TST X X X X · · A A ·
TXA X · · · · ·

WAIT X · 0 · · ·
Condition Code Symbols:

H = Half Carry (from Bit 3)

I = Interrupt Mask

? = Load CC Register From Stack

C = Carry/Borrow 1 = Set



BIT
MANIPULATION BRANCH READIMODIFYIWRITE CONTROL REGISTERIMEMORY

BTB BSC REL DIR INH INH IXl IX INH INH IMM DIR EXT 1X2 IXl IX

HI 0 1 2 3 4 5 6 7 8 9 A B C D E F HI
LOW 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 LOW

0
5 5 3 5 3 3 6 5 9 2 3 4 5 4 3

0
0000

BRSETO BSETO BRA NEG NEGA NEGX NEG NEG RTI SUB SUB SUB SUB SUB SUB
00003 BTB 2 BSC 2 REL 2 OIR 1 INH 1 NH 2 IXl 1 IX 1 INH 2 IMM 2 OIR 3 EXT 3 1X2 2 IXl 1 IX

1 5 5 3 6 2 3 4 5 4 3
1

0001
BRCLRO BCLRO BRN RTS CMP CMP CMP CMP CMP CMP

00013 BTB 2 BSC 2 REL 1 INH 2 IMM 2 OIR 3 EXT 3 1X2 2 IXl 1 IX

2
5 5 3 11 2 3 4 5 4 3

2BRSETI BSETl BHI MULt SBC SBC SBC SBC SBC SBC0010
3 BTB 2 BSC 2 REL 1 INH 2 IMM 2 OIR 3 EXT 3 1X2 2 IXl 1 IX

0010

3
5 5 3 5 3 3 6 5 10 2 3 4 5 4 3

3
0010

BRCLRI BCLRI BLS COM COMA COMX COM COM SWI CPX CPX CPX CPX CPX CPX
0010

3 BTB 2 BSC 2 REL 2 OIR 1 INH 1 INH 2 IXl 1 IX 1 INH 2 IMM 2 OIR 3 EXT 3 1X2 2 IXl 1 IX

4 5 5 3 5 3 3 6 5 2 3 4 5 4 3 4
0100

BRSET2 BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND
0100

3 BTB 2 BSC 2 REL 2 OTR 1 INH 1 INH 2 IXl 1 IX 2 IMM 2 OIR 3 EXT 3 1X2 2 IXl 1 IX

5 5 5 3 2 3 4 5 4 3 5
0100

BRCLR2 BCLR2 BCS BIT BIT BIT BIT BIT BIT
01003 BTB 2 BSC 2 REL 2 IMM 2 OIR 3 EXT 3 1X2 2 IXl 1 IX

6 5 5 3 5 3 3 6 5 2 3 4 5 4 3 6
0110

BRSETJ BSETJ BNE ROR RORA RORX ROR ROR LOA LOA LOA LDA LDA LOA
0110

3 BTB 2 BSC 2 REL 2 OIR 1 INHY 1 INH 2 IXl 1 IX 2 IMM 2 OIR 3 EXT 3 1X2 2 IXl 1 IX

7
5 5 3 5 3 3 6 5 2 4 5 6 5 4

7
0111

BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR ASR TAX STA STA STA STA STA
0111

3 BTB 2 BSC 2 REL 2 DIR 1 INH 1 INH 2 IXl 1 IX 1 INH 2 DIR 3 EXT 3 1X2 2 IXl 1 IX

8
5 5 3 5 3 3 6 5 2 2 3 4 5 4 3

8
1000 BRSET4 BSET4 BHCC LSL LSLA LSLX LSL LSL CLC EOR EOR EOR EOR EOR EOR 1000

3 BTB 2 BSC 2 REL 2 DIR llNH 1 INH 2 IXl 1 IX 1 INH 2 IMM 2 DIR 3 EXT 3 1X2 2 IXl 1 IX

9 5 5 3 5 3 3 6 5 2 2 3 4 5 4 3 9
1001 BRCLR4 BCLR4 BHCS ROL ROLA ROLX ROL ROL SEC AOC ADC AOC AOC ADC ADC 1001

3 BTB 2 BSC 2 REL 2 OIR 1 INH 1 INH 2 IXl 1 IX 1 INH 2 IMM 2 DIR 3 EXT 3 1X2 2 IXl 1 IX

A 5 5 3 5 3 3 6 5 2 2 3 4 5 4 3
A

1010
BRSET5 BSET5 BPL DEC OECA DECX DEC DEC CLI ORA ORA ORA ORA ORA ORA

10103 BTB 2 BSC 2 REL 2 OIR 1 INH 1 INH 2 IXl 1 IX 1 INH 2 IMM 2 OIR 3 EXT 3 1X2 2 IXl 1 IX

INSTRUCTION
SET



BIT
MANIPULATION BRANCH READIMODIFYIWRITE CONTROL REGISTERIMEMORY

BTB BSC REL DIR INH INH IXl IX INH INH IMM DIR EXT 1X2 IXl IX

HI 0 1 2 3 4 5 6 7 8 9 A B C 0 E F HI
LOW 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 LOW

B 5 5 3 2 2 3 4 5 4 3 B
1011

BRCLR5 BCLR5 BMI SEI ADD ADD ADD ADD ADD ADD 1011
3 BTB 2 BSC 2 REL 1 INH 2 IMM 2 DIR 3 EXT 3 1X2 2 IXl 1 IX

C
5 5 3 5 3 3 6 5 2 2 3 4 3 2

C
1100

BRSET6 BSET6 BMC INC INCA INCX INC INC RSP JMP JMP JMP JMP JMP 1100
3 BTB 2 BSC 2 REL 2 DIR 1 INH 1 INH 2 IXl 1 IX 1 INH 2 DIR 3 EXT 3 1X2 2 IXl 1 IX

D 5 5 3 4 3 3 5 4 2 6 5 6 7 6 5
D

1101
BRCLR6 BCLR6 BMS TST TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR

1101
3 BTB 2 BSC 2 REL 2 DIR 1 INH 1 INH 2 IXl 1 IX 1 INH 2 REL 2 DIR 3 EXT 3 1X2 2 IXl 1 IX

E
5 5 3 2 2 3 4 5 4 3 E

1110
BRSET7 BSET7 BIL STOP LDX LDX LDX LDX LDX LDX 1110

3 BTB 2 BSC 2 REL 1 INH 2 IMM 2DIR 3 EXT 3 1X2 2 IXl 1 IX

F
5 5 3 5 3 3 6 5 2 2 4 5 6 5 4

F
1111

BRCLR7 BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA STX STX STX STX STX 1111
3 BTB 2 BSC 2 REL 2 DIR 1 INH 1 INH 2 IXl 1 IX 1 INH 1 INH 2 DIR 3 EXT 3 1X2 2 IXl 1 IX

Abbreviations for Address Modes:
INH = Inherent

A = Accumulator
X = Index Register

IMM = Immediate
DIR = Direct
EXT = Extended
REL = Relative
BSC = Bit SeVClear
BTB = Bit Test and Branch

3
MNEMONIC~UB

BYTES ~ IX

CYCLES



Indexed, No Offset

In the indexed, no offset addressing mode, the effective
address of the argument is contained in the B-bit index regis-
ter. Thus, this addressing mode can access the first 256
memory locations. These instructions are only one byte
long. This mode is used to move a pointer through a table or
to address a frequently referenced RAM or I/O location.

EA = X; PC t- PC + 1

Address Bus High t- 0; Address Bus Low t- X

Indexed, 8-Bit Offset

Here the EA is obtained by adding the contents of the byte
following the opcode to that of the index register; therefore,
the operand is located anywhere within the lowest 511 mem-
ory locations. For example, this mode of addressing is useful
for selecting the mth element in a n element table. All
instructions are two bytes. The content of the index register
(8) is not changed. The content of (PC + 1) is an unsigned 8-
bit integer. One byte offset indexing permits look-up tables to
be easily accessed in either RAM or ROM.

EA = X + (PC + 1); PC t- PC + 2

Address Bus High t- K; Address Bus Low t- X + (PC + 1)

where: K = the carry from the addition of x + (PC + 1).

Indexed, 16-Blt Offset

In the indexed, 16-bit offset addressing mode, the effective
address is the sum of the contents of the unsigned B-bit index
register and the two unsigned bytes following the opcode.
This addressing mode can be used in a manner similar to
indexed B-bit offset, except that this three byte instruction
allows tables to be anywhere in memory (e.g., jump tables in
ROM). The content of the index register is not changed.

EA = X + [(PC + 1) : (PC + 2)]; PC t- PC + 3

Address Bus High t- (PC + 1) + K

Address Bus Low t- X + (PC + 2)

where: K = The carry from the addition of X + (PC + 2).

Relative

Relative addressing is only used in branch instructions. In
relative addressing, the content of the 8-bit signed byte fol-
lowing the opcode (the offset) is added to the PC if and only
if the branch ::ondition is true. Otherwise, control proceeds to

the next instruction. The span of relative addressing is lim-
ited to the range of -126 to +129 bytes from the branch
instruction opcode location.

EA = PC + 2 + (PC + 1); PC t- EA if branch taken;

otherwise, EA = PC t- PC + 2.

Bit Set/Clear

Direct addressing and bit addressing are combined in
instructions which set and clear individual memory and I/O
bits. In the bit set and clear instructions, the byte is specified
as a direct address in the location following the opcode. The
first 256 addressable locations are thus accessed. The bit to
be modified within that byte is specified in the first three bits
of the opcode. The bit set and clear instructions occupy two
bytes, one for the opcode (including the bit number) and the
other to address the byte which contains the bit of interest.

EA = (PC + 1); PC t- PC + 2

Address Bus High t- 0; Address Bus Low t- (PC + 1).

Bit Test and Branch

Bit test and branch is a combination of direct addressing, bit
seVclear addressing, and relative addressing. The actual bit to
be tested, within the byte, is specified within the low order nib-
ble of the opcode. The address of the data byte to be tested is
located via a direct address in the location following the
opcode byte (EA1). The signed relative B-bit offset is in the
third byte (EA2) and is added to the PC if the specified bit is
set or cleared in the specified memory location. This single
three byte instruction allows the program to branch based on
the condition of any bit in the first 256 locations of memory.

EA1 = (PC +1)

Address Bus High Q 0; Address Bus Low t- (PC + 1)

EA2 = PC + 3 + (PC + 2); PC t- EA2 if branch taken;

The MUL instruction performs an 8-bit muitiplication of the con-
tents of the A and X registers. The 16-bit resuit is stored back
into the same register pair. The A register holds the lower 8-bits
of the product and the X register holds the upper B-bits of the
product. MUL is only available on CDP68HC05 processors.
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HARRIS
SEMICONDUCTOR

Features
• Low Power CMOS Circuitry ..•.•..... 7.SmW (Typ) at

3.2MHz (Max Freq.) at Voo = SV

• Baud Rate

- DC to 200K Bltsfs (Max) at. • • . . . . . . . . . .. SV,8SoC
- DC to 400K Bltsfs (Max) at ...•.......... 10V, 8SoC

• 4V to 10.S Operation

• Automatic Data Formatting and Status Generation

• Fully Programmable with Externally selectable Word
Lenth (S - 8 Bits), Parity Inhibit, Even/Odd Parity, and
1, 1 '2' or 2 Stop Bits

• Operating Temperature Range
- CDP6402D, CD ........•........ -SSoCto +12SoC
- CDP6402E, CE .......••......... -400C to +8SoC

• Replaces Industry Types IM6402 and HD6402

CDP6402
CDP6402C

CMOS Universal Asynchronous
ReceiverlTransmitter (UART)

Description
The COP6402 and COP6402C are silicon gate CMOS
Universal Asynchronous ReceiverfTransmitter (UART)
circuits for interfacing computers or microprocessors to
asynchronous serial data channels. They are designed to
provide the necessary formatting and control for interfacing
between serial and parallel data channels. The receiver
converts serial start, data, parity, and stop bits to parallel
data verifying proper code transmission, parity and stop bits.
The transmitter converts parallel data into serial form and
automatically adds start parity and stop bits.

The data word can be 5, 6, 7 or 8 bits in length. Parity may
be odd, even or inhibited. Stop bits can be 1, 1"2, or 2 (when
transmitting 5 bit code).

The COP6402 and COP6402C can be used in a wide range
of applications including modems, printers, peripherals,
video terminals, remote data acquisition systems, and serial
data links for distributed processing systems.

The COP6402 and COP6402C are functionally identical.
They differ in that the COP6402 has a recommended
operating voltage range of 4V to 10.5V, and the COP6402C
has a recommended operating voltage range of 4V to 6.5V.
Both types are supplied in 40 lead dual-in-Iine ceramic pack-
ages (0 suffix), and 40 lead dual-in-line plastic packages
(E suffix).

TEMPERATURE
PACKAGE RANGE 5VI200K BAUD 10Vl400K BAUD

Plastic DIP -40"C to +8SoC CDP6402CE CDP6402E

Burn·ln CDP6402CEX

Ceramic DIP -4O"C to +85°C CDP6402CD CDP6402D

Burn·ln CDP6402CDX CDP6402DX

RBR3
RBR2
RBR1

PE
FE

OE

SFD

RRC
iiiiii

DR

RRI

CAUTION: These devices are sens~ive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

Copyright © Harris Corporation 1992

TRC
EPE
CLS1

CLS2

SBS
Pt

CRL

TBR8
TBR7
TBR6
TBR5
TBR4
TBR3
TBR2
TBR1
TRO

TRE
'fiii'ii:
TBRE
MR

Ul
Ul-l
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DC SUPPLY-VOLTAGE RANGE, (VDD)
(Voltage referenced to VSS Terminal)

CDP6402 ...................................•................................................... -0.5 to +11 V
CDP6402C -0.5 to +7 V

INPUT VOLTAGE RANGE, All INPUTS -0.5toVDD +0.5 V
DC INPUT CURRENT, ANY ONE INPUT ± 100pA
POWER DISSIPATION PER PACKAGE (PD):

For TA = -40 to +60°C (PACKAGE TYPE E ...................................•......................•.•. 500 mW
For TA = +60 to +85°C (PACKAGE TYPE E) ..........•.................... Derate lineary at 12 mW/oC to 200 mW
For TA = -55 to 100°C (PACKAGE TYPE D) 500 mW
ForTA = + 100to +125°C (PACKAGE TYPE D) Derate linearyat 12 mW/oC to 200 mW

DEVICE DISSIPATION PER OUTPUT TRANSISTOR
For TA = FUll PACKAGE-TEMPERATURE RANGE (All Package Types) ..............................•.. 100 mW

OPERATING-TEMPERATURE RANGE (TA):
PACKAGE TYPE D -55 to +125°C
PACKAGE TYPE E ............................................................•................... -40to +85°C

STORAGE TEMPERATURE RANGE (Tstg) -65to+150°C
lEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max....................................• +265°C

OPERATING CONDITIONS at TA = Full Package-Temperature Range. For ma.lmum reliability, operating condltlona
should be selected so that operation Is always within the following ranges:

LIMITS
CHARACTERISTIC CDP6402 CDP6402C UNITS

Min. Ma•• Min. Ma••
DC Ooeratino Voltaoe Ranoe 4 10.5 4 6.5 V
Input Voltage Range VSS VDD VSS VDD

CONDITIONS LIMITS
CHARACTERISTIC

~~ ~~~ ~ep CDP6402 CDP6402C UNITS
V. Min. TVD•• Ma•• Min. TVD.- Ma••

Quiescent Device - 0,5 5 - 0.01 50 - 0.02 200 pA
Current Inn - 0, 10 10 - 1 200 - - -

Output low Drive 0.4 0,5 5 2 4 - 1.2 2.4 -
(Sink) Current It"Il 0.5 o 10 10 5 7 - - - - mA

Output High Drive 4.6 0,5 5 -0.55 -1.1 - -0.55 -1.1 -
(Source) Current It"I'" 9.5 0, 10 10 -1.3 -2.6 - - - -

Output Voltage - 0,5 5 - 0 0.1 - 0 0.1
low-level Vnl ± - 0, 10 10 - 0 0.1 - - -

uutput vOltage - 0,5 5 4.9 5 - 4.9 5
High level Vnl-l± - 0, 10 10 9.9 10 - - - - V

Input low 0.5,4.5 5
b~n

-mr
Voltage VIL 0.5,9.5 - 10 - - - - -

Input High 0.5,4.5 - 5 VDD-2 - - WDD-2 - -
Voltaoe VII-l 0.5 9.5 - 10 7 - - - - -

Input leakage Any 0,5 5 - ±10-4 ±1 - ±1
Current ,,'" Inout o 10 10 - ±1Q-4 ±2 - - - pA

3-State Output leakage 0,5 0,5 5 - ±1Q-4 ±1 - ±1Q-4 ±1
Current IOIlT O. 10 0, 10 10 - ±10-4 ±10 - - -

Operating Current, IDDfl: ~'15n 1
5

n ~.~ 1.:) mA

Input Capacitance CIN 5 7.5 5 7.5 pF
Output Capacitance COUT - - - - 10 15 - 10 15

-Typical values are for TA=25°C and nominal VDD. :tIOl =IOH=1 pA.
#Operating current is measured at 200 kHz or VDD = 5 V and 400 kHz for VDD = 10 V, with open outputs (worst-case

frequencies for CDP1802A system operating at maximum speed of 3.2 MHz).

CI)CI) ••••
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InItialization and Cantrall

A positive pulse on the MASTER RESET (MR) input resets
the control, status, and receiver buffer registers, and sets
the serial output (TRO) High. Timing is generated from the
clock inputs RRC and TRC at a frequency equal to 16times
the serial data bit rate. The RRC and TRC inputs may be
driven by a common clock, or may be driven independently
by two different clocks. The CONTROL REGISTER lOAD
(CRl) input is strobed to load control bits for PARITY
INHIBIT (PI), EVEN f'ARITY ENABLE (EPE), STOP BIT
SELECTS (SBS), and CHARACTER lENGTH SELECTS
(ClS1 and ClS2). These inputs may be hand wired to VSS
or VDD with CRl to VDD. When the initialization is
completed, the UART is ready for receiver and/ortransmitter
operations.

Tranlmltter Operation

The transmitter section accepts parallel data, formats it,
and transmits it in serial form (Fig. 2) on the TRO terminal.

Fig. 2 - Serial data format.

Transmittertiming is shown in Fig. 3. (A) Data is loaded into
the transmitter buffer register from the inputs TBR1 through
TBRa by a logic low on the TBRl input. Valid data must be
present at least tOT prior to, and tTD following, the rising
edge of~. If words less than a bits are used, only the
least significant bits are used. The character is right
justified into the least significant bit, TBR1. (B) The rising
edge of TBRl clears TBFfE. 'hto 1'hcycles later, depending
on when the TBRl pulse occurs with respect to TRC, data is
transferred to the transmitter register and TRE is cleared.
TBRE is set to a logic High one cycle after that.

Output data is clocked by TRC. The clock rate is 16 times
the data rate. (C) A second pulse on TBRl loads data into
the transmitter buffer register. Data transfer to the
transmitter register is delayed until transmission of the
current character is complete. (D) Data is automatically
transferred to the transmitter register and transmission of
that character begins.

92CS-380S4Rl

Fig. 3 - Transmitter timing waveforms.

Receiver Operation

Data is received in serial form at the RRI input. When no
data is being received, RRI input must remain high. The
data is clocked through the RRC. The clock rate is 16 times
the data rate. Receiver timing is shown in Fig. 4.

BEGINNING OF FIRST STOP BIT :::i
DATA

92C!-34!5!5'R2

Fig. 4 - Receiver timing waveforms.

(A) A low level on 5i"iR clears the DR line. (B) During the
first stop bit data is transferred from the receiver register to
the RBRegister. If the word is less than a bits, the unused
most significant bits will be a logic low. The output
character is right justified to the least significant bit RBR1. A
logic high on OE indicates overruns. An overrun occurs
when DR has not been cleared before the present character
was transferred to the RBR. (C) 1/2 clock cycle later DR is
set to a logic high and FE is evaluated. A logic high on FE
indicates an invalid stop bit was received. A logic high on
PE indicates a parity error.

The receiver uses a 16X clock for timing (Fig. 5). The start
bit could have occurred as much as one clock cycle before it
was detected, as indicated by the shaded portion. The
center of the start bit is defined as clock count 71/2. If the
receiver clock is a symmetrical square wave, the center of
the start bit will be located within ±1/2 clock cycle, ±1/32 bit
or±3.125%. The receiver begins searching for the next start
bit at 9 clocks into the first stop bit.

COUNT 7 1/2
DEFINED CENTER
OF START BIT

RRI INPUT----m START

I.• I.. 7 1/2CLOC~CYCLES
8 1/2 CLOCK

CYCLES



wnSln
CLS2 CLSl PI ~p~ "D" DATABIT~ PARITY BIT STOP BITI~'

L L L L L 5 ODD 1
L L L L H 5 ODD 1.5
L L L H L 5 EVEN 1
L L L H H 5 EVEN 1.5
L L H X L 5 DISABLED 1
L L H X H 5 DISABLED 1.5
L H L L L 6 ODD 1
L H L L H 6 ODD 2
L H L H L 6 EVEN 1
L H L H H 6 EVEN 2
L H H X L 6 DISABLED 1
L H H X H 6 DISABLED 2
H L L L L 7 ODD 1
H L L L H 7 ODD 2
H L L H L 7 EVEN 1
H L L H H 7 EVEN 2
H L H X L 7 DISABLED 1
H L H X H 7 DISABLED 2
H H L L L 8 ODD 1
H H L L H 8 ODD 2
H H L H L 8 EVEN 1
H H L H H 8 EVEN 2
H H H X L 8 DISABLED 1
H H H X H 8 DISABLED 2

X = Don't Care
Table II • Function Pin Definition

SYMBOL
VDD
N/C
GND
RRD

DESCRIPTION
Positive Power Supply
No Connection
Ground (VSS)
A high level on RECEIVER REGISTER
DISABLE forces the receiver holding
register ouputs RBR1-RBR8 to a high
impedance state.
The contents of the RECEIVERBUFFER
REGISTER appear on these three-state
outputs. Word formats less than 8r:':,~~'9h:~::'f"d fOABAf

A high level on PARITY ERROR
indicates that the received parity does
not match parity programmed by control
bits. The output is active until parity
matches on a succeeding character.
When parity is inhibited. this output
is low.
A high level on FRAMING ERROR
indicates the'first stop bit was invalid.
FE will stay active until the next valid
character's stop bit is received.

RBR7
RBR6
RBR5
RBR4
RBR3
RBR2
RBRl

PE

PIN SYMBOL DESCRIPTION

15 OE A high level on OVERRUN ERROR
indicates the data received flag was not
cleared before the last character was
transferred to the receiver buffer
register. The Error is reset at the next
character's stop bit if DRR has been

16
performed (Le., DRR; active low).

SFD A high level on STATUS FLAGS
DISABLE forces the outputs PE, FE.OE,

17
DR, TBRE to a high impedance state.

RRC The RECEIVER REGISTER CLOCK is
16X-the receiver data rate.

18 l5m1 A low level on DATA RECEIVED RESET
clears the data received output (DR), to
a low level.

19 DR A high level on DATA RECEIVED
indicates a character has been received
and transferred to the receiver buffer
register.

20 RRI Serial data on RECEIVER REGISTER
INPUT is clocked into the receiver
register.

21 MR ,A high level on MASTER RESET (MR)
clears PE.FE,OE and DR, and sets TRE,
TBRE. and TRO. TRE is actually set on
the first rising edge of TRC after MR
goes high. MR should be strobed after
power-up.

22 TBRE A high level on TRANSMITTER BUFFER
REGISTER EMPTY indicates the
transmitter buffer register has
transferred its data to the transmitter
register and is ready for new data.

enen..J::)<mffi.-:2:-Q.m_
cIIa:

wQ.



PIN SYMBOL DESCRIPTION
23 TBRL A low level on TRANSMITTER BUFFER

REGISTER LOAD transfers data from
inputs TBR1-TBR8 into the transmitter
buffer register. A low to high transition
on TBRL requests data transfer to the
transmitter register. If the transmitter
register is busy. transfer is automatically
delayed so that the two characters are
transmitted end to end.

24 TRE A high level on TRANSMITTER
REGISTER EMPTY indicates completed
transmission of a character including
stop bits.

25 TRO Character data, start data and stop bits
appear serially at the TRANSMITTER
REGISTER OUTPUT.

26 TBR1 Character data is loaded into the
TRANSMITTER BUFFER REGISTER via
inputs TBR1- TBR8. For character
formats less than 8-bits. the TBR8. 7,
and 6 Inputs are ignored corresponding
to the programmed word length.

27 TBR2

)28 TBR3
29 TBR4
30 TBR5 See Pin 26 - TBR1
31 TBR6
32 TBR7
33 TBR8

PIN SYMBOL DESCRIPTION
34 CRL A high level on CONTROL REGISTER

LOAD loads the control register.
35 PI' A high level on PARITY INHIBIT inhibits

parity generation. parity checking and
forces PE output low.

36 SBS' A high level on STOP BIT SELECT
selects 1.5 stop bits for a 5 character
format and 2 stop bits for other lengths.

37 CLS2' These inputs program the CHARACTER
LENGTH SELECTED. (CLS1 low CLS2
low 5-bits) (CLS1 high CLS210w 6-bits)
(CLS110w CLS2 high 7-bits) (CLS1 high
CLS2 high 8-bits).

38 CLS1' See Pin 37 - CLS2
39 EPE' When PI is low. a high level on EVEN

PARITY ENABLE generates and checks
even parity. A low level selects odd
parity.

40 TRC The TRANSMITTER REGISTER
CLOCK is 16X the transmit data rate.



DYNAMIC ELECTRICAL CHARACTERISTICS al TA = -4010 +85°C, VDD ± 5%,lf• 't = 20 ns,

VIH = 0.7 VDD. VIL = 0.3 VDD. CL = 100 pF

LIMITS

CDP6402 CDP6402C

CHARACTERISTIC t VDD
Typ.-I Typ.- T UNITS

(V) Max.~ Max.~

Minimum Pulse Widlh: 5 50 150 50 150
CRL tCRL 10 40 100 - -

Minimum Setup Time 5 20 50 20 50
Control Word to CRL tcwc 10 0 40 - -,

Minimum Hold Time 5 40 60 40 60
Control Word after CRL tccw 10 20 30 - -

Propagation Delay Time 5 130 200 130 200
SFD High to SOD tSFDH 10 100 150 - -

ns

SFD Low to SOD tSFDL 5 130 200 130 200
10 40 60 - -

RRD High to Receiver Register 5 80 150 80 150
High Impedance tRRDH 10 40 70 - -

RRD Low to Receiver Register 5 80 150 80 150
Active tRRDL 10 40 70 - -

Minimum Pulse Width: 5 200 400 200 400

MR 10 100 200 - -

-Typical values for TA = 25°C and nominal VDD.

~Maximum limits of minimum characteristics are the values above which all devices function.

tAll measurements are made at the 50% point of the transition except tri-state measurements.

Ttccw

CRL ~/------------\'__ _

I- ~RL -I

~

90%

STATUS _OUTPUTS _

10"10

tSFD~ --l
SFD I

RECEIVER RE.GI'HER Olc;CQNNECT TIMING

~

90'Y.
R BUS 0

R BUS 7 ------ 10 "1

0

'RRCH ~I
I

(/)
(/).J
::::>olll:
lDffi.-:x:-Q.
lD-cO a:wQ.



DYNAMIC ELECTRICAL CHARACTERISTICS al TA = -4010 +850 C, VDD ± 5%. Ir• If = 20 ns,
VIH = 0.7 VDD. VIL = 0.3 VDD. CL = 100 pF

Minimum Clock Period (TRC) tcc 5 250 310 250 310
10 125 155 - -

Minimum Pulse Width: 5 100 125 100 125
Clock low level tCl 10 75 100 - -

Clock High level tCH 5 100 125 100 125
10 75 100 - -

TBRl tTHTH 5 80 200 80 200
10 40 100 - -

Minimum Setup Time: 5 175 275 175 275
TBRl to Clock tTHC 10 90 150 - -

Data to TBRl .J'
r

tDT 5 20 50 20 50 ns10 a 40 - -

Minimum Hold Time: 5 40 60 40 60
Data after TBRl .J{- tTD 10 20 30 - -

Propagation Delay Time: 5 300 450 300 450
Clock to Data Start Bit tCD 10 150 225 - -

Clock to TBRE tCT 5 330 400 330 400
10 100 150 - -

TBRl to TBRE tTTHR 5 200 300 200 300
10 100 150 - -

Clock to TRE tTTS 5 330 400 330 400
10 100 150 - -

-Typical values for T A = 250 C and nominal VDD.

Ll.Maximum limits of minimum characteristics are the values above which all devices function.
tAll measurements are made at the 50% point of the transition except lri-state measurements.

** TRANSMITTER SHIFT* TRANSMITTER BUFFER REGISTER LOAOEO
REGISTER LOADED

I
I--1 !.-tCO

liST OATABIT

I

I I I I
~ I I

I I I
I ,,,
1--1 ;.+0--. C0
I If

I I I'I I .1

tTTH~ ~ -J ~'CT

:~TTS
TRE -------4-1 -~I

I

t:' OT-t-'TD::1
~ :~sS~- =::::::::::::::::::::::::=~ATA X,.-----------...;~~-----------

•. THE HOLDING REGISTER IS LDADEO ON THE TRAILING EDGE OF T!Rl 92CM-34556* * THE TRANSMITTER SHIFT REGISTER,IF EMPTY,IS LOADED ON THE FIRST HIGH-TO-LOW TRAN~N OF THE
~~OA~~:;~kC,~~~~:Ss~W~f{ ~~U~~Oft2 ~i~!:~Dp~~T6'8 ~Ft~~\I~fRTRAILING EDGE OF AND

Fig. 7 - Transmitter timing waveforms.

I
TBRL------, I

t-tTHTH~



OYNAMIC ELECTRICAL CHARACTERISTICS at TA = ·40 to +850 C, VOO ± 5%, tr, tf = 20 nl,

VIH = 0.7 VOO, VIL = 0.3 VOO, CL = 100 pF

,-

Minimum Clock Period (RRC) tcc 5 250 310 250 310
10 ,.,1; 11;1;

i Minimum Pulse Width: 5 100 125 100 125
Clock Low Level tr.1 10 75 100 - -
Clock High Level tCH 5 ~O~ ~~~ 100 125

10
DATA RECEIVED RESET tDD 5 50 75 50 75

10 .,1; An
Minimum Setup Time: 5 100 150 100 150

Data Start Bit to Clock tn(' 10 50 71;
Propagation LJelay Ime:

nsDATA RECEIVED RESET to tDDA 5 150 250 150 250
Data Received 10 75 125

Clock to Data Valid tCDV 5 275 400 275 400
10 110 175

Clock to DR 5 275 400 275 400tCDA 10 110 175 - -
Clock to Overrun Error tCOE 5 275 400 275 400

10 100 150
Clock to Parity Error tCPE 5 240 375 240 375

10 120 171;
Clock to Framing Error tCFE 5 200 300 200 300

10 100 150 - -
-Typical values for TA = 250 C and nominal VDD.

AMaximum limits of minimum characteristics are the values above which all devices function.
tAll measurements are made at the 50% point of the transition excepttri-state measurements.

:1J:fCC CLOCK 71/2.
SAMPLE

tCH t-t-i- ICL \..
RRC~a

-j ~tDC*
RRI

* IF A START BIT OCCURSAT It TIME lESS THAN IDe BEFORE A HIGH·TO·lOWTRANSITION
OF THE CLOCK, THE STAAT BIT MAY NOT 8E RECOGNIZED UNTIL THE NEXT HIGH-TO·
LOW TRANSITION OFTHE CLOCK. THE STARTelT MAY BE COMPLETELY ASYNCHRONOUS
WITH THE CLOCK.

en
en~:;)<mffi
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;I) HARRIS CDP65C51
CDP65C51A

CMOS Asynchronous Communications
Interface Adapter (ACIA)

Features
• Compatible With a-Bit Microprocessors
• Full Duplex Operation With Buffered Receiver and Transmitter
• Data Set/Modem Control Functions
• Internal Baud Rate Generator With 15 Programmable Baud Rates

(50 to 19,200)
• Program Selectable Internally or Externally Controlled Receiver

Rate
• Operates at Baud Rates Up To 250,000 Via Proper Crystal or Clock

Selection
• Programmable Word Lengths, Number of Stop Bits and Parity Bit

Generation and Detection
• Programmable Interrupt Control
• Program Reset
• Program Selectable Serial Echo Mode
• Two Chip Selects
• 4MHz, 2MHz or 1MHz Operation (CDP65C51 and CDP65C51A-4,

-2, -1 Types, Respectively)
• Single 3V to 6V Power Supply
• Full TTL Compatibility
• Synchronous CTS Operation

Pinout
PACKAGE TYPES D, E AND M

TOP VIEW

Vss I
eso 2
C51 3

RES 4

RXe ~
XTLI 6

XTL 7

RTS 8

en 9

TXD 10

OTR II

RxD 12

RSO 13

RSt 14

28 R/W

27 +2
26 Illll
25 07
24 06
23 05

22 04
21 03
20 02
19 01

18 DO

17 =
16 DC5
15 Voo

Description
The CDP65C51 and CDP65C51A Asynchronous Commu-
nications Interface Adapters (ACIA) provide an easily
implemented, program controlled interface between 8-bit
microprocessor based systems and serial' communication
data sets and modems.The CDP65C51A is identical to the
CDP65C51 except for the implementation of the CTSfunc-
tion. If a not-clear-to-send signal is received during the
transmission of a character, the CDP65C51A will first allow
completion of that transmission, and then disable the
transmiller.

The CDP65C51 and CDP65C51A have an internal baud
rate generator. This feature eliminates the need for multiple
component support circuits, a crystal being the only other
part required. The Transmitter baud rate can be selected
under program control to be either 1 of 15 different rates
from 50 to 19,200 baud, or 1/16 times an external clock
rate.The receiver baud rate may be selected under program
control to be either the transmitter rate, or at 1/16 times an
external clock rate.The CDP65C51 and CDP65C51A have
programmable word lengths of 5, 6, 7 or 8 bits; even,odd or
no parity; 1, 1'h or 2 stop bits.

The CDP65C51 and CDP65C51A are designed for maxi-
mum programmed control from the CPU, to simplify
hardware implementation. Three separate registers permit

the CPU to easily select the CDP65C51A operating modes
and data-checking parameters and determine operational
status.

The Command Register controls parity, reciever echo
mode,transmitter interrupt control, the state of the RTSline,
receiver interrupt control, and the state of the DTR line.

The Control Register controls the number of stop bits,
word length, receiver clock source and baud rate.

The Status Register indicates the states of the IRQ, DSR
and DCD lines, transmitter and receiver data registers, and
overrun, framing and parity error conditions.

Thetransmitter and receiverdata registersare used for tem-
porary data storage by the CDP65C51A transmit and re-
ceive circuits.

The CDP65C51 and CDP65C51A-1, -2 and -4 types are
capable of interfacing with microprocessors with cycle
times of 1MHz, 2MHz and 4MHz, respectively.

The CDP65C51 and CDP65C51A are supplied in 28 lead
hermetic dual-in-line sidebrazed ceramic packages (D suf-
fix), in 28 lead dual-In-line plastic packages (Esuffix) and in
28 lead dual-in-Iine small outline (SO) packages (M)suffix.



MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (VDD)
(Voltage referenced to Vss terminal) -0.5 to +7 V
INPUT VOLTAGE RANGE, ALL INPUTS .............................•............................. -0.5 to VDD+0.5 V
DC INPUT CURRENT, ANY ONE INPUT ±10 mA
POWER DISSIPATION PER PACKAGE (PD):

For TA = -40 to +60° C (PACKAGE TYPE E) 500 mW
ForTA = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 8 mW/oC to 300 mW
For TA = -55 to +100°C (PACKAGE TYPE D) 500 mW
For TA = +100 to +125° C (PACKAGE TYPE D) Derate Linearly at 8 mW/o C to 300 mW
For TA = -40 to +85°C (PACKAGE TYPE M)' 425 mW

DEVICE DISSIPATION PER OUTPUT TRANSISTOR
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...•................................ 100 mW

OPERATING-TEMPERATURE RANGE (TA):

PACKAGE TYPE 0 -55 to +125°C
PACKAGE TYPE E and M -40 to +85° C

STORAGE-TEMPERATURE RANGE (T•••) -£5 to +l50°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s maximum +265°C
• Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick Gl0 epDxy glass, Dr equivalent.

RECOMMENDED OPERATING CONDITIONS at TA = -40° to +85°C
For maximum reliability, nominal operating condlllons should 'be selected so that operation Is always
within the following ranges:

CHARACTERISTIC
LIMITS UNITS

Min. T Max.
DC Operating Voltage Range 3 T 6 V
Input Voltage Range Vss T VDD

CHARACTERISTIC
LIMITS UNITS

Min. Typ. Max.
Quiescent Device Current IDD - 50 200 IJA
Output Low Current (Sinking): VDL= 0.4 V IDL 1.6 mA
(00-07, TxD, RxC, RTS, DTR, IRQ

- -

Output High Current (Sourcing): VDH= 4.6 V IDH -1.6 mA
(00-07, TxD, RxC, RTS, DTR)

- -
Output Low Voltage: ILDAD= 1.6 mA VDL 0.4 V

(00-07, TxD, RxC, RTS, DTR, IRQ)
- -

Output High Voltage: ILDAD= -1.6 mA VDH 4.6 V
(DO-D7,TxD,RxC, RiS,DTR)

- -

Input Low Voltage V,L Vss - 0.8 V
Input High Voltage V,H
(Except XTLI and XTLO) 2 - VDD V
(XTLI and XTLO) 3 - VDD

Input.Leakage Current: V'N = 0 to 5 V I,N
±1 IJA

(4)2, RIW, RES, CSO, CS1, RSO.RS1, CTS, RxD, DCD. DSR)
- -

Input Leakage Current for High Impedance State (00-07) ITsl - - ±1.2 IJA
Output Leakage Current (off state): VDUT= 5 V (IRQ) IDFF - - 2 IJA
Input Capacitance (except XTLI and XTLO) C,N - - 10 pF
Output Capacitance CDUT - - 10 pF



This is a description of the interface requirements for the
CDP65C51 and CDP65C51A. Fig. 1 is the Interface Diagram
and the Terminal Diagram shows the pinout configuration for
the CDP65C51A.

MICROPROCESSOR INTERFACE
SIGNAL DESCRIPTION

RES (Reset) (4)
During system initialization a low on the RES input will
cause a hardware reset to occur. The Command Register
and the Control Register will be cleared. The Status
Register will be cleared with the exception ofthe indications
of Data Set Ready and Data Carrier Detect, which are
externally controlled by the DSR and l5<::ri lines, and the
transmitter Empty bit, which will be set. A hardware reset is
required after power-up.

¢2 (Input Clock) (27)
The input clock is the system ¢2 clock and is used to clock
all data transfers between the system microprocessor and
the CDP65C51/51A.
R/W (Read/Write) (28)
The R/Winput, generated by the microprocessor, is used to
control the direction of data transfers. A high on the R/W pin
allows the processor to read the data supplied by the
CDP65C51/51A, a low allows a write to the CDP65C51/51A.
IRQ (Interrupt Request) (26)
The IRQ pin is an interrupt output from the interrupt control
logic. It is an open drain output~mitting several devices
to be connected to the common TI11J microprocessor input.
Normally at high level, IRQ goes low when an interrupt
occurs.

00-07 (Data Bus) (18-25)
The DO-D7 pins are the eight data lines used to transfer data
between the processor and the CDP65C51/51A. These lines
are bidirectional and are normallyhigh impedance except dur-
ing Read cycles when the CDP65C51/51A are selected.

CSO,CS1 (Chip Selects) (2, 3)

The two chip select inputs are normallyconnected to the pro-
cessor address lines either directly or through decoders. The
CDP65C51/51A are selected when CSOis high and CS1 is
low.

RSO,RS1 (Register Selects) (13,14)

Thetwo registerselect lines are normallyconnected to the pro-
cessor address lines to allow the processor to select the vari-
ous CDP65C51/51A intemal registers. The following table
shows the internal register select coding.

RS1 RSO Write Read
0 0 Transmit Data Receiver Data

Register Register
0 1 Programmed Reset Status Register

(Data is "Don't
Care")

1 0 Command Register
1 1 Control Register

Only the Command and Control registers are read/write.
The Programmed Reset operation does not cause any data
transfer, but is used to clear bits 4 through 0 in the
Command Register and bit 2 in the Status Register. The
Control Register is unchanged by a Programmed Reset. It
should be noted that the Programmed Reset is slightly
different from the Hardware Reset (RES); these differences
are shown in Figs. 3, 4 and 5.

ACIA/MODEM INTERFACE
SIGNAL DESCRIPTION

XTLI, XTLO (Crystal Pins) (6, 7)
These pins are normally directly connected to the external
crystal (1.8432 MHz) used to derive the various baud rates
(see "Generation of Non-Standard Baud Rates"). Alterna-
tively, an externally generated clock may be used to drive
the XTLI pin, in which case the XTLO pin must float. XTLI is
the input pin for the transmit clock.
TxD (Transmit Data) (10)
The TxD output line is used' to transfer serial NRZ
(nonreturn-to-zero) data to the modem. The LSB (least
significant bit) of the Transmit Data Register is the first data
bit transmitted and the rate of data transmission is
determined by the baud rate selected or under control of an
external clock. This selection is made by programming the
Control Register.
RxD (Receive Data) (12)
The RxD input line is used to transfer serial NRZ data into
the ACIA from the modem, LSB first. The receiver data rate
is either the programmed baud rate or under the control of
an externally generated receiver clock. The selection is
made by programming the Control Register.



RxC (Receive Clock) (5)
The RxC is a bidirectional pin which serves as either the
receiver 16X clock input or the receiver 16X clock output.
The latter mode results if the internal baud-rate generator is
selected for receiver data clocking.

RTS (Request to Send) (8)
The RTS output pin is used to control the modem from the
processor. The state of the RTS pin is determined by the
contents of the Command Register.

CTS (Clear to Send) (9)
The CTS input pin is used to control the transmitter
operation. The enable state is with CTS low. The transmitter
is automatically disabled if CTS is high.

DTR (Data Terminal Ready) (11)
This output pin is used to indicate the status of the CDP65C51 /
51A to the modem. A low on DTR indicates the CDP65C51/
51A is enabled, a high indicates it is disabled. The processor
controls this pin via bit 0 of the Command Register.

DSR (Data Set Ready) (17)

The DSR Input pin is used to indicate to the CDP65C51/51A
the status of the modem. A low indicates the "ready" state and
a high, "not ready".

DCD (Data Carrier Detect) (16)

The DCD input pin is used to indicate to the CDP65C51/51A
the status of the carrier detect output of the modem. A low indi-
cates that the modem carrier signal is present and a high, that it
is not.

This is a functional description of the CDP65C51 /51 A. A block
diagram of the CDP65C51/51A is presented in Rg. 2.

DATA BUS BUFFERS
The Data Bus Buffer interfaces the system data lines to the in-
temal data bus. The Data Bus Buffer is bi-directional. When the
R/W line is high an the chip is selected, the Data Bus Buffer
passes the Data to the system data lines from the CDP65C51/
51A internal data bus. When the RtW line is low and.the chip is
selected, the Data Bus Buffer writes the data from the system
data bus to the internal data bus.

INTERRUPT LOGIC
The Interrupt logic will cause the IRQ line to the
microprocessor to go low when conditions are met that

can cause an interrupt will set bit 7 and the appropriate bit of
bits 3 through 6 in the Status Register if enabled. Bits 5 and 6
correspond to the Data Carrier Detect (DCD) logic and the
Data Set Ready (DSR) logic. Bits 3 and 4 correspond to the
Receiver Data Registerfull and the Transmitter Data Register
empty conditions. These conditions can cause an interrupt
request if enabled by the Command Register.

I/O CONTROL
The I/O Control logic controls the selection of internal
registers in preparation for a data transfer on the internal
data bus and the direction of the transfer to or from the
register.
The registers are selected by the Register Select and Chip
Select and Read/Write lines as described in Table I,
previously.

00-D7
TxO

DCo
OSR

RlW RxC

cso XTLI

Ci1 XTLO

RSO
OTR

RS1 FiTS
_2

RES
RxO

U)
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::::>0(mffi
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CDP65C51/51A INTERNAL ORGANIZATION (Cont'd)

TIMING AND CONTROL Receiver Data Register FUll (Bit 3)

The Timing and Control logic controls the timing of data This bit goes to a "1" when the CDP65C51/51A transfers data
transfers on the internal data bus and the registers, the Data from the Receiver Shift Register to the Receiver Data
Bus Buffer, and the microprocessor data bus, and the Register, and goes to a "0" when the processor reads the
hardware reset features. Receiver Data Register.

Timing is controlled by the system <lJ2 clock input. The chip Transmitter Data Register Empty (Bit 4)
will perform data transfers to or from the microcomputer This bit goes to a "1" when the CDP65C51/51 A transfers data
data bus during the <lJ2 high period when selected. from the Transmitter Data Register to the Transmitter Shift
All registers will be initialized by the Timing and Control Register, and goes to a "0" when the processor writes new
Logic when the Reset (RES) line goes low. Seethe individual data onto the Transmitter Data Register.
register description forthe state of the registers following a Data Carrier Detect (Bit 5) and
hardware reset. Data Set Ready (Bit 6)

TRANSMITTER AND RECEIVER
DATA REGISTERS

These registers are used a temporary data storage for the
CDP65C51/51 A Transmit and Receive circuits. Both the
mitter and Receiver are selected by a Register Select 0
(RSO) and Register Select 1 (RS1) low condition. The
Read/Write line determines which actually uses the internal
data bus; the Transmitter Data Register is write only and the
Receiver Data Register is read only.

Bit 0 is the first bit to be transmitted from the Transmitter
Data Register (least significant bit first). The higher order
bits follow in order. Unused bits in this register are "don't
care":

The Receiver Data Register holds the first received data bit
in bit 0 (least significant bit first). Unused high-order bits
are "0". Parity bits are not contained in the Receiver Data
Register. They are stripped off after being used for parity
checking.

STATUS REGISTER

Rg. 3 indicates the format of the CDP65C51/51A Status Regi-
ster. A description of each status bit follows.

PARITY ERROR"
0- NO PARITY ERROR
1 - PARITY ERROR DETECTED

FRAMING ERROR-
0- NO FRAMING ERROR
1 - FRAMING ERROR DETECTED

OVERRUN"
0- NO OVERRUN
1 - OVERRUN HAS OCCURRED

RECEIVE A DATA REGISTER FUll
a - NOT FULL
1 - FULL

TRANSMITTER DATA REGISTER EMPTY
0- NOT EMPTY
1 - EMPTY

DATA CARRIER DETECT (OCO)
0- oeD LOW IDETECn
1 - 0Ci5 HIGH (NOT DETECTED)

DATA seT READY IDSRI
0- OSR lOW (READY)
1 - OSA HIGH (NOT READY)

INTERRUPT (IRQ)
O· NO INTERRUPT (IRQ PIN HIGH)
1· INTERRUPT HAS OCCURRED (ilfO PIN LOW)

"NO INTERRUPTS OCCUR FOR
7 6 5 4 3 2 1 0 THESE CONDITIONS

~HARDWARE RESET (RES)
~PROGRAM RESET

92CM-367I3R1

These bits reflect the levels of the DCD and DSR inputs to the
CDP65C51/51A A "0" indicates a high (false). Whenever
either of these inputs changes state, in immediate processor
interrupt occurs, unless the CDP65C51/51A is disabled (bit 0 of
the Command Register is a "0"). When the interrupt occurs, the
status bits will indicate the levels of the inputs immediately
after the change of state occurred. Subsequent level changes
will not affect the status bits until the Status Register is
interrogated by the processor. At that time, another interrupt
will immediately occur and the status bits will reflect the
new input levels.

Framing Error (Bit 1), Overrun (Bit 2), and
Parity Error (Bit 0)

None of these bits causes a processor interrupt to occur,
but they are normally checked at the time the Receiver Data
Register is read so that the validity of the data can be
verified.

Interrupt (Bit 7)

This bit goes to a "0" when the Status Register has been
read by the processor, and goes to a "1" whenever any kind
of interrupt occurs.

CONTROL REGISTER

The Control Register selects the desired transmitter baud
rate, receiver clock source, word length, and the number of
stop bits.

Selected Baud Rate (Bits 0, 1, 2, 3)

These bits, set by the processor, select the Transmitter
baud rate, which can be at 1/16 an external clock rate or one
of 15 other rates controlled by the internal baud-rate
generator as shown in Fig. 4.

Receiver Clock Source (Bit 4)

This bit controls the clock source to the Receiver. A "0"
causes the Receiver to operate at a baud rate of 1/16 an
external clock. A "1" causes the Receiver to operate at the
same baud rate as is selected forthe transmitter as shown in
Fig. 4.

Word Length (Bits 5, 6)

These bits determine the word length to be used (5, 6, 7 ora
bits). Fig. 4 shows the configuration for each number of bits
desired.

Stop Bit Number (Bit 7)

This bit determines the number of stop bits used. A "0"
always indicates one stop bit. A "1" indicates 1'h stop bits if
the word length is 5 with no parity selected, 1 stop bit if the
word length is a with parity selected, and 2 stop bits in all
other configurations.



7

ISBN
o

WL I S8R I
WL1 WLD I Res SBRa SBR2 S8Rl BSRD

L-l I

I • SELECTED BAUD RATE (SBR)

!lllQ
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

1111X EXTERNAL CLOCK
so; BAUD
75 BAUD
101.121 BAUDi
134.51 I BAUD
1501 BAUD
300 BAUD
600 BAUD
1200 BAUD
1800 BAUD
2400 BAUD
3600 BAUD
41001 BAUD
7200 BAUD
HOG, BAUD
1t200 BAUD

L-________ RECEIVERCLOCKSOURCE(RCS)

0- EXTERNAL RECEIVER CLOCK
1 - BAUD RATE:

L WORD LENGTH (WI.)

ll~
00 8 BITS
01 7 BITS
10 681TS
11 5 BITS

STOP BIT NUMBER (SBN)
0-1 STOP BIT
1 - 2 STOP BITS

- 1-1/2 STOP BITS
FOR WL=5 AND NO PARITY

-1 STOP BIT
FOR WL"'I AND PARITY

76543210
~HARDWAR~ RESET (RES)

E::I:::EEEEEE PROGRAM RESET

COMMAND REGISTER
The Command Register controls specific modes and
functions (Fig. 5).

76543210
~ HARDWARE RESET (RES)
~PROGAAM REseT

Data Terminal Ready (Bit 0)
This bit enables all selected interrupts and controls the
state of the DataTerminal Ready (DTR) line. A "0" indicates
the microcomputer system is not ready by setting the DTR
line high. A "1" indlldiles the microcomputer system is
ready be setting the DTR line low. When the DTR bit is set to
a "0", the receiver and transmitter are both di~bled:. __
Receiver Interrupt Control (Bit 1)
This bit disables the Receiver from generating an interrupt
when set to a "1". The Receiver interrupt is enabled when
this bit is set to a "0" and Bit 0 is set to a "1".
Transmitter Interrupt Control (Bits 2, 3)
These bits control the state of the Ready to Send (RTS) line
and the Transmitter interrupt. Fig. 5 shows the various
configurations of the RTS line and Transmit Interrupt bit
settings.
Receiver Echo Mode (Bit 4)
This bit enables the Receiver Echo Mode. Bits 2 and 3 must
be zero. In the Receiver Echo Mode, the Transmitter returns
each transmission received by the Receiverdelayed by 'h bit
time. A "1" enables the Receiver Echo Mode. A "0" bit
disables the mode.
Parity Mode Enable (Bit 5)
This bit enables parity bit generation and checking. A "0"
disables parity bit generation by the Transmitter and parity
bit checki ng by the Receiver. A "1" bit enables generation
and checking of parity bits.
Parity Mode Control (Bits 6, 7)
These bits determine the type of parity generated by the
Transmitter, (even, odd, mark or space) and the type of
parity check done by the Receiver (even, odd, or no check).
Fig. 5 shows the possible bit configurations for the Parity
Mode Control bits.

DATA TERMINAL READY (OTR)
0- DATA TERMINAL NOT READY (OTA PIN HIGH,
1 - DATA TERMINAL READY (OTA PIN LOW)

RECEIVER INTERRUPT CDNTRDlIIRD)
0- RECEIVER INTERRUPT ENABLED
1 - RECEIVER INTERRUPT DISABLED

TRANSMITTER INTERRUPT CONTROL (TIC) - See Hole

~~-o 0 RTS - HIGH, TRANSMIT INTERRUPT DISABlEO·
o 1 Ri"S- LOW, TRANSMIT INTERRUPT ENABLE
1 a R'J'S- LOW, TRANSMIT INTERRUPT DISABLED
1 1 RTS - lOW. TRANSMIT INTERRUPT DISABLED

TRANSMIT BREAK ON T JI 0

RECEIVER ECHO MODE (REM)
0- RECEIVER NORMAL MODe
1 - RECEIVER ECHO MODE"

PARITY MODe ENABLE (PME)
0- PARITY MODe DISABLED

NO PARITY BIT GENERATED
PARITY CHECK DISABLED

1 - PARITY MODe ENABLED

PARITY MODE CONTROL (PMC)
7 6o 15 000 PARITY TRANSMITTED/RECEIVED
o 1 EVEN PARITY TRANSMITTED/RECEIVED
1 0 MARK PARITY BIT TRANSMITTED

PARITY CHECK DISABLED
1 1 SPACE PARITY BIT TRANSMITTED

PARITY CHECK DISABLED

NOTE:Whenchangingcommandregister
bits3 and2 from0,1to 1,0a 'break'maybe
generated.To avoidthe generationof this
break,alwayschangefrom0,1to 0,0 to 1,0.

rnrn..J
::::l<mffiI-:Z:-Q.m_
cliO::
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TRANSMITTER AND RECEIVER
Bits 0-3 of the Control Register select the divisor used to
generate the baud rate for the Transmitter. If the Receiver
clock is to use the same baud rate as the transmitter. then
RxC becomes an output and can be used to slave other cir-
cuits to the CDP65C51/51A Fig. 6 shows the Transmitter and
Receiver layout.

CDP65C51/51A OPERATION
TRANSMITTER AND RECEIVER OPERATION

Contlnous Data Transmit (Fig. 7)

In the normal operating mode, the processor interrupt (IRQ) is
used to signal when the CDP65C51 /51 A is ready to accept the
next data word to be transmitted. This interrupt occurs at the
beginning of the Start Bit When the processor reads the Status
Register of the CDP65C51/51A, the Interrupt is cleared. The

CHAR.n+1 CHAR.n+2 CHAR.n+3
I I JV V V ,

STOP STOP STOP STOP

TXD~~ ~ ~ ~EEJL
START START START START I
I Iii I
I I I I I

IRQ Un Lm~Lm Lm L
~:~RERSUS.w' ) I ~PROCESSOR MUST
(TRANSMIT DATA LOAD NEW DATA
REGISTEREMPTY) IN THIS TIME

INTERVAL; OTHERWISE,
CONTINUOUS "MARK"
IS TRANSMITIeO

PROCESSOR READS STATUS
REGISTER, CAUSES IRa
TO CLEAR

Similar to the above case, the normal mode is to generate a
processor interrupt when the CDP65C51/51A has received a
full data word. This occurs at about the 8/16 point through the

processor must then identify that the Transmit Data Register is
ready to be loaded and must then load it with the next data
word. This must occur before the end of the Stop Bit, otherwise
a continuous "Mark" will be transmitted.

Stop Bit The processor must read the Status Register and read
the data word before the next interrupt, otherwise the Overrun
condition occurs.

CHAR.n+1 CHAR.n+2 CHAR.n+3
I I I

V ,/ ,/ ,
STOP STOP STOP STOP

RXD~~ ~ = ~~
START I START : START : START :

I , I I

IRO ~m' t /Un Un L)I::~~y~SRO~A~~~~~~:
TIME INTERVAL; OTHERWISE,

PROCESSOR OVERRUN OCCURS
INTERRUPT OCCURS
AlIoUT 1116 INTO
LAST STOP BIT.
PARITY, OVERRUN,
AND FRAMING ERROR
UPDATED, ALSO

PROCESSOR READS STATUS
REGISTER, CAUSES IRQ
TO CLEAR



Transmit Data Register Not Loaded
By Processor (Fig. 9)
If the processor is unable to load the Transmit Data Register
in the allocated time, then the TxD line will go to the
"MARK" condition until the data is loaded. When the

INTERRUPTS
CONTINUE AT
CHARACTER RATE
EVEN THOUGH

NO DATA IS
TRANSMITTED

processor finally loads new data, a Start Bit immediately
occurs, the data word transmission is started, and another
interrupt is initiated, signaling for the next data word.

\
WHEN PROCESSOR FINALLY LOADS
NEW DATA, TRANSMISSION STARTS
IMMEDIATELY AND INTERRUPT
OCCURS, INDICATING TRANSMIT
DATA REGISTER EMPTY

Effect of CTS on CDP65C51 Transmitter (Fig. 10)

CTS is the Clear-to-Send signal generated by the modem.
It is normally low (true state) but may go high in the event of
some modem problems. When this occurs, the TxD line
immediately goes to the "Mark" condition. Interrupts contin-
ue at the same rate, but the Status Register does not

indicate the Transient Data Register is empty. Since there is
no status bit for CTS, the processor must deduce that CTS
has gone to the False(high) state. This is covered later. CTS
is a transmit control line only, and has no effect on the
CDP65C51 Receiver Operation.

_/
ers GOES HIGH. NEXT
INDICATING MODEM PROCESSOR
IS NOT READY TO INTERRUPT
RECEIVE DATA. Tx 0 AT NORMAL
IMMEDIATELY GOES START BIT
TO "MARK" CONDITION TIME

PROCESSOR READS
STATUS REGISTER.
SINCE DATA REGISTER
IS ~ EMPTY, PROCESSOR
MUST DeDUCE THAT
~ IS SOURCE OF
INTERRUPT (THIS IS
COVERED ELSEWHERE
IN THIS NOTEI.

(J)
(J)..J:;:)~!Dffi••• :J:-0.!D-ella:w0.



Effect of CTS on CDP65C51A Transmitter (Fig. 10A)

CTS is the Clear-to-Send signal generated by the modem. It
is normally low (true state) but may go high in the event of
some modem problems. When this occurs, the TxD line
goes to the "MARK" condition following the complete
transmission of any character which is currently being

shifted out of the Transmitter Shift Register. Since there is
no status bit for CTS, the processor must deduce that CTS
hasgone to the False (high) state. This is covered later. CTS
is a transmit control line only, and has no effect on the
CDP65C51A Receiver Operation. Normal transmission will
resume when CTS goes low again.

CHAR .n CHAR .n + 1 CONTINUOUS "MARK"
I ,/ I, /~ ~I _

TXDE~~]~~E]~l::EEE-~~
I IjiiQ---LJU U

iJi?j IS NOT ASSERTED
AGAIN UNTIL ETs
GOES LOW

ffi GOES HIGH,
INDICATING MODEM
IS NOT READY TO
RECEIVE o.•.r.•..TaD

GOES TO MMAAKR CONDITION
AFTER COMPLETE CHARACTER
IS TRANSMITTED.

Effect of Overrun on Receiver (Fig. 11)

If the processor does not read the Receiver Data Register in
the allocated time, then, when the following interrupt
occurs, the new data word is not transferred to the Receiver

Data Register, but the Overrun status bit is set. Thus, the
Data Register will contain the last valid data word received
and all following data is lost.

CHAR.n CHAR .n+1 CHAR ."+2

~ ! V I \,J I 'J
STOP STOP STOP STOP

RXD~~ ~ ~ ~HI~ I~ I~ I~
/

RECEIVER DATA REGISTER
NOT UPDATED BECAUSE
PROCESSOR DID NOT READ
PREVIOUS o.•.r.•..OVERRUN
BIT SET IN STATUS
REGISTER.

~OVEARUN BIT SET IN
STATUS REGISTER



CDP65C51/51A OPERATION (Conl'd)

TRANSMITTER AND RECEIVER OPERATION (Cont'd)

Echo Mode Timing (Fig. 12)

In Echo Mode, the TxD line re-transmits the data on the RxD

\ \ \ \ \ \ \ \ \ \ \ \ \ \

Effect of CTS on Echo Mode Operation (Fig. 13)

See "Effect of CTS on Transmitter" for the effect of CTS on
the Transmitter. Receiver operation is unaffected by CTS,
so, in Echo Mode. the Transmitter is affected in the same
way as "Effect of CTS on Transmitter". In this case however.

the processor interrupts signify that the Receiver Data
Register is full. so the processor has no way of knowing that
the Transmitter has ceased to echo.

CHAR_n CHAR.n+1 CHAR#n+2
! I !

~/ ~/ ,/ ,/
STOP STOP STOP STOP

RXD~~ ~ ~ ~HI~ I~ l~ I~
nm-uIJ LIIl LJIl---LIIl--

CTS 1 I
ISTOPSTOPh'l:

(/)
(/)...1
::::>c(
mffi
I-:t:
-ll.m_'a:COw

ll.



If Overrun occurs in Echo Mode, the Receiver is affected the
same way as described in "Effect of Overrun on Receiver".

For the re-transmitted data, when overrun occurs, the TxD

line goes to the "MARK" condition until the first Start Bit
after the Receiver Data Register is read by the processor.

CHAR *n CHAR.x

~/ I" / I V
STOP STOP STOP STOP

RXD~~EEJLGEI:~~~~HI~ ~ ~ ~
iRQLJI]~'--~/~-l -LJI]---LJI]---

ISTDP I ,,/
TXD~ I START

PROCESSOR
INTERRUPT
FDA RECEIVER
DATA REGISTER
FULL

PROCESSOR FINALLY
READS RECEIVER
DATA REGISTER,
LAST VAllO
CHARACTER (*,nl

J
TxDDATA
RESUMES

PROCESSOR
READS
STATUS
REGISTER

OVERRUN OCCURS
T x 0 GOES TO
"MARK"
CONDITION

PROCESSOR
INTERRUPT
FOR CHAR ••
IN RECEIVER
DATA REGISTER

Framing Error (Fig. 15)

Framing Error is caused by the absence of Stop Bit(s) on
received data. The status bit is set when the processor
interrupt occurs. Subsequent data words are tested for

Framing Error separately, so the status bit will always
reflect the last data word received.

NOTES;
1. FRAMING ERROR DOES NOT

INHIBIT RECEIVER OPERATION.
2. IF NEXT DATA WORD IS OK.

FRAMING eRROR IS CLEARED.

t
PROCESSOR
INTERRUPT,
FRAMING
ERROR
BIT seT



Effect of OeD on Receiver (Fig. 16)

DCD is a modem output used to indicate the status of the carri-
er frequency detection circuit of the modem. This line goes
high for a loss of carrier. Normally. when this occurs, the mo-
dem will stop transmitting data (RxD on the CDP65C51/51A
some time later).The CDP65C51/51A will cause a processor
interrupt whenever DCD changes state and will indicate this
condition via the Status Register.

Once such a change of state occurs, subsequent transitions
will not cause interrupts or changes in the Status Registeruntil
the first interrupt is serviced. When the Status Register is read
by the processor, the CDP65C51/51A automatically checks
the level of the DCD line, and if it has changed. another inter-
rupt occurs.

RXD~~ BN P

f-- MODEM "1
I DELAY I1;---'--------1

1

I ~_-----,IL..JIrLlI]' t /LIJ]
t 1 AS LONG AS I

NORMAL =IS HIGH.
PROCESSOR NO FURTHER
INTERRUPT PROCESSOR INTERRUPTS PROCESSOR

INTERRUPT FOR RECEIVER INTERRUPT

~~~N~IGH WILL OCCUR ~~~~ow

Timing with 1'12 Stop Bits (Fig. 17)

It is possible to select 1'h Stop Bits, but this occurs only for
5-bit data words with no parity bit. In this case, the

STOP

~EEIL==---

Iii
I lit
L __ l.LJ

t
NO INTERRUPT
WilL OCCUR
HERE, SINCE
RECEIVER IS NOT
ENABLED UNTil
FIRST START BIT
DETECTED

PROCESSOR
INTERRUPT
FOR
RECEIVER
DATA

processor interrupt for Receiver Data Register Full occurs
halfway through the trailing half-Stop Bit.

U
1

PROCESSOR INTERRUPT
OCCURS HALFWAY
THROUGH THE 1/2
STOP BIT

en
en.J
::::leemffi
I-:I:-Q.m-'a:COw
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TRANSMITTER AND RECEIVER OPERATION (Cont'd)

Transmit Continuous "BREAK" (Fig. 18)

The mode is selected via the CDP65C51/51A Command
Register and causes the Transmitter to send continuous
"BREAK" characters after both the transmitter and trans-
mitter-holding registers have been emptied.

When the Command Register is programmed back to nor-
mal transmit mode, a Stop Bit is generated and normal
transmission continues.

~/ '-
STOP STOP

TXO~~ _ 8N P STOP

rTART START

'-/
STOP

~ ISTART

- PERIOD DURING
WHICH PROCESSOR
SELECTS
CONTINUOUS
"BREAK" MODE

PO'NTATWHI~ /
PROCESSOR PROCESSOR
SELECTS INTERRUPT
NORMAL TO lOAD
TRANSMIT TRANSMIT
MODE DATA

Receive Continuous "BREAK" (Fig. 19)

In the event the modem transmits continous "BREAK"
characters, the CDP65C51/51A will terminate receiving.

Reception will resume only after a Stop Bit is encountered
by the CDP65C51/51A.

'J
STOP

~ I START

STO~ CONTINUOUS NBREAK"

RxD E~ _8N P STOP

I START I I

-~ ~~~d'<
PROCESSOR I ,':; NO INTERRUPT
INTERRUPT PROCESSOR SINCE RECEIVER
FOR INTERRUPT DISABLED UNTIL
RECEIVER WITH FRAMING FIRST STOP BIT
DATA REGISTER ERROR (PARITY
FULL AND OVERRUN

CHECKS NORMAL)



Because of the special fu nctions of the various status bits,
there is a suggested sequence for checking them. When an
interrupt occurs. the COP65C51/51A should be interrogated.
as follows:

1. Read Status Register

This operation automatic~ clears Bit 7 (IRQ).
Subsequent transitions on OSR and OeD will cause
another interrupt.

2. Check IRQ Bit
If not set, interrupt source is not the CDP65C51/51A.

3. Check DCD and DSR

These must be compared to their previous levels. which
must have been saved by the processor. If they are both
"0" (modem "on-line") and they are unchanged then the
remaining bits must be checked.

4. Check RDRF (Bit 3)

Check for Receiver Data Register Full.

5. Check Parity, Overrun, and Framing Error (Bits 0-2)

Only if Receiver Data Register is Full.

6. Check TDRE (Bit 4)

Check for Transmitter Data Register Empty.

7. If none of the above, then CTS must have gone to the
False (high) state.

A program reset occurs when the processor performs a write
oPeration to the CDP65C51/51A with RSO high and RS1
low. The program reset operates somewhat different from
the hardware reset (RES pin) and is described as follows:

1. Internal registers are not completely cleared. The data
sheet indicates the effect of a program reset on internal
registers.

2. The DTR line goes high immediately.

3. Receiver and transmitter interrupts are disabled
immediately. If IRQ is low when the reset occurs. itstays
low until serviced. unless interrupt was caused by DCD
or DSR transition.

4. DCD and DSR interrupts disabled immediately. If IRQ is
low anc was caused by ~ or DSR. then it goes high,
also lJC1> and DSR status bits subsequently will follow
the input lines. although no interrupt will occur.

5. Overrun cleared. if set.

MISCELLANEOUS NOTES ON OPERATION

1. If Echo Mode is selected. RTS goes low.

2. If Bit 0 of Command Register is "0" (disabled), then:
a) All interrupts disabled. including those caused by

DCD and15S'R transitions.
b) Receiver disabled. but a character currently being

received will be completed first.
c) Transmitter is disabled after both the Transmit Data

and Transmit Shift Registers have been emptied.

3. Odd parity occurs when the sum of all the "1" bits in the
data word (including the parity bit) is odd.

4. In the Receive Mode. the received parity bit does not go
into the Receiver Data Register. but is used to generate
parity error for the Status Register.

5. Transmitter and Receiver may be in full operation
simultaneously. This is "fUll-duplex" mode.

6. If the RxD line inadvertently goes low and then high
during the first 9 receiver clocks after a Stop Bit; a false
Start Bit will result.
For false Start Bit detection, the CDP65C51/51A does not
begin to receive data, instead, only a true Start Bit initiates
receiveroperation.

7. A precaution to consider with the crystal oscillator
circuit is:

The XTLI input may be used as an external clock
input. The XTLO pin must be floating and may not be
used for any other function.

8. DCD and DSR transitions. although causing immediate
processor interrupts. have no effect on transmitter
operation. Data will continue to be sent. unless the
processor forces transmitter to turn off. Since these are
high-impedance inputs. they must not be permitted to
float (un-connected). If unused. they must beterminated
either to Gnd or Voo.

Divisors

The internal counter/divider circuit selects the appropriate
divisor for the crystal frequency by means of bits 0-3 of the
COP65C51/51A Control Register.
The divisors. then, are determined by bits 0-3 in the Control
Register and their values are shown in Table II.

Generating Other Baud Rates
By using a different crystal, other baud rates may be
generated. These can be determined by:

Baud Rate = Crystal Frequency
Divisor

Furthermore,it is possible to drive the CDP65C51/51A with an
off chip oscillator to achievethe same thing. In this case. XTU
(pin 6) must be the clock input and XTLO (pin 7) must be a no
connect.

tJ)
tJ)..J
;::)ct
lDffi
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CDP65C51/51A OPERATION (Cont'd)

Teble II-Dlvlaor Selection

CONTROL DIVISOR SELECTED
REGISTER FOR THE BAUD RATE GENERATED BAUD RATE GENERATED

BITS INTERNAL COUNTER WITH 1.8432 MHz WITH FREQUENCY (F)
3 2 1 0
0 0 0 0 No Divisor Selected 1/16 of External Clock at Pin XTLI 1/16 of External Clock at Pin XTLI

1.8432 x 10· F
0 0 0 1 36.864 36.864 = 50 ~R RR4

1.8432 x 10· F
0 0 1 0 24.576 24.576 75 24.576

1.8432 x 10· F
0 0 1 1 16.768 16.768 = 109.92 16.768

1.8432 x 10· F
0 1 0 0 13.696 13R96 134.58 13.696

1.8432 x 10· F
0 1 0 1 12.288 1221111 150 12.288

1.8432 x 10· F
0 1 1 0 6,144 R144 300 6.144

1.8432 x 10· F
0 1 1 1 3,072 ~072 600 30n

1.8432 x 10· F
1 0 0 0 1,536 1!;~6 = 1200 536

1.8432 x 10· F
1 0 0 1 1,024 1024 = 1800 1024

1.8432 x 10· F
1 0 1 0 768 7RR = 2400 76R

1.8432 x 10· F
1 0 1 1 512 !;12 = 3600 !;12

1.8432 x 10· F
1 1 0 0 384 3114 = 4800 3114

1.8432 x 10· F
1 1 0 1 256 256 = 7200 256

1.8432 x 10· F
1 1 1 0 192 192 = 9600 192

1.8432 x 10· F
1 1 1 1 96 96 = 19200 Q6



DIAGNOSTIC LOOP-BACK OPERATING MODES
(Cont'd)

Occasionally it may be desirable to include in the system a
facility for "loop-back" diagnostic testing, of which there
are two kinds:

1. Local Loop-Back

Loop-back from the point of view of the processor. In this
case, the Modem and Data Link must be effectively
disconnected and the ACIA transmitter connected back
to its own receiver, so that the processor can perform
diagnostic checks on the system, excluding the actual
data channel.

2. Remote Loop-Back

Loop-back from the point of view of the Data Link and
Modem. In this case,the processor, itself, is disconnected
and all received data is immediately retransmitted, so the
system on the other end of the Data Link may operate
independent of the local system.

The CDP65C51/51A does not contain automatic loop back
operating modes, but they may be implemented with the
addition of a small amount of external circuitry.

Rg. 21 indicates the necessary logic to be used with the
CDP65C51/51A
The LLB line is the positive-true signal to enable local loop-
back operation. Essentially, LLB = high does the following:

1. Disables outputs TxD, DTR, and RTS (to Modem).

2. Disables inputs RxD, DCD, CTS, DSR (from Modem).

SEL 1Y

2Y

ST8 3Y

CDHC157 4Y

18 1A

28 2A

38 3A

48 4A

3. Connects transmitter outputs to respective receiver
inputs:

a) TxD to RxD

b) DTR to DCD

c) RTS to C'fS
LLB may be tied to a peripheral control pin to provide
processor control of local loop-back operation. In this way,
the processor can easily perform local loop-back diagnostic
testing.

Remote loop-back does not require this circuitry, so LLB
must be set low. However, the processor must select the
following:

1. Control Register bit4 must be "1", so that the transmitter
clock = receiver clock.

2. Command Register bit 4 must be "1" to select Echo
Mode.

3. Command Register bits 3 and 2 must be "1" and "0",
respectively, to disable transmitter interrupts.

4. Command Register bit 1 must be "0" to disable receiver
interrupts.

In this way, the system retransmits received data without
any effect on the local system.

SEL 1Y

2Y

STB 3Y

CDHC1574Y

19 1A

29 2A
38 3A

48 4A

NOTES' ,. HIGH ON LL8 SELECTS LOCAL LOOP-8ACK MOOE.
2. HIGH ON HC157 SELECT INPUT GATES "s" INPUTS

TO "Y" OUTPUTS; LOW GATES "A" TO "Y",
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DYNAMIC ELECTRICAL CHARACTERISTICS-READ/WRITE CYCLE

VDD = 5V ± 5%, TA = -400C to +850C, CL = 75pF

LIMITS

CDP65C51-1 CDP65C51-2 CDP65C51-4
CDP65C51A-1 CDP65C51A-2 CDP65C51A-4

CHARACTERISTIC MIN MAX MIN MAX MIN MAX UNITS

Cycle Time tCYC 1 - 0.5 - 0.25 - ~s

<1>2Pulse Width tc 400 - 200 - 100 - ns

Address Setup Time tAC 120 - 60 - 30 - ns

Address Hold Time tCAH 0 - 0 - 0 - ns

R/W Setup Time twc 120 - 60 - 30 - ns

R/W Hold Time tCWH 0 - 0 - 0 - ns

Data Bus Setup Time tDCW 120 - 60 - 35 - ns

Data Bus Hold Time , tHW 20 - 10 - 5 - ns

Read Access Time (Valid Data) tCDR - 200 - 150 - 50 ns

Read Hold Time tHR 20 - 10 - 10 - ns

Bus Active Time (Invalid Data) tCDA 40 - 20 - 10 - ns

r V1H".:;;:t~~'COR -j 'HR I-- v
lL

DATA BUS~ _~~~~/__ _ ~:::

t CDA



DYNAMIC ELECTRICAL CHARACTERISTICS-TRANSMIT/RECEIVE, See Figs. 23, 24 IInd 25.
VDD = 5V ±5%, TA = -400C to +850C

LIMITS

CDP65C51/51A-1 CDP65C51/51A-2 CDP85C51/51A-4

CHARACTERISTIC MIN MAX MIN MAX MIN MAX UNIT

Transmit/Receive Clock Rate tCCY 400· - 325 - 250 - ns

Transmit/Receive Clock High Time tCH 175 - 145 - 110 - ns

Transmit/Receive Clock low Time tCl 175 - 145 - 110 - ns

XTLI to TxD Propagation Delay too - 500 - 410 - 315 ns

RTS Propagation Delay tDlY - 500 - 410 - 315 ns

IRQ Propagation Delay (Clear) tlRQ - 500 - 410 - 315 ns

RES Pulse Width tRES 400 - 300 - 200 - ns

(tr• tf = 10ns to 30ns)

• The baud rate with external clocking is: Baud Rate =
16 x TCCY

XTLI
( TRANSMIT)
CLOCK INPUT)

~

~
I

EXTERNAL 1]TRANSMITTER XTLI
CLOCK

OPEN
CIRCUIT XTLO

(/)
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IDffi
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:II HARRIS

Features
• Low Power, High Speed, High Density CMOS
• Internal Time Base and Oscillator
• Counts Seconds, Minutes and Hours of the Day
• Counts Days of the Week, Date, Month and Year
• 3V to 6V Operation
• Time Base Input Options .•....•••••...•...... 4.194304MHz,

1.048576MHz, or 32.768kHz
• Time Base Oscillator for Parallel Resonant Crystals
• Typical Operating Power

~ Low Frequency Time Base .....•.•....•..• 40llWto 200llW
~ High Frequency Time Base .•......•.•.••• 4.0mW to 20mW

• Binary or BCD Representation of Time, Calendar and Alarm
.12 or 24 Hour Clock with AM and PM In 12 Hour Mode
• Daylight Savings Time Option
• Automatic End of Month Recognition
• Automatic Leap Year Compensation
• Microprocessor Bus Compatible
• MO:rEL Circuit for Bus Universality
• Multiplexed Bus for Pin Efficiency
• Interfaced with Software as 64 RAM Locations
• 14 Bytes of Clock and Control Registers
• 50 Bytes of General Purpose RAM
• Status Bit Indicates Data Integrity
• Bus Compatible Interrupt Signals (IRQ)
• Three Interrupts are Separately Software Maskable and

Testable
~ Tlme-of-Day Alarm, Once-Per-Second to Once-Per-Day
~ Periodic Rates From 30.51lSto 500ms
~ End-of-Clock Update Cycle

• Programmable Square Wave Output Signal
• Clock Output May Be Used As Microprocessor Clock Input

~ At Time Base Frequency +1 or +4
• 24 Pin Dual In Line Package

CDP6818
CMOS Real-Time Clock

With RAM

Description
The CDP6818 Real-Time Clock pluse RAM is a
peripheral device which includes the unique
MOTEL concept for use with many 8 bit
microprocessors, microcomputers, and larger
computers. This device combines three unique
features a complete time-of- day clock with alarm
and one hundred year calendar, a programmable
periodic interrupt and square wave generator,and
50 bytes of low power static RAM.The CDP6818
uses high speed CMOS technology to interface
with 1MHz processor buses, while consuming
very little power.

The Real-Time Clock plus RAM has two distinct
uses. First, it is designed as a battery powered
CMOSdevice (in an otherwise NMOSmL system)
including all the common battery backed-up func-
tions such as RAM, time, and calendar. Secondly,
the CDP6818 may be used with a CMOS
microprocessor to relieve the software of the
timekeeping workload and to extend the available
RAM of an MPU such as the CDP6805E2.

The CDP6818 is supplied in a 24 lead dual-In-line
plastic package (Esuffix) and in a 24 lead dual-in-
line sidebrazed ceramic package (D suffix).

Pinout PACKAGE TYPES 0 AND E Block Diagram
TOP VIEW

HC ,. v ••
OSC1 " sow
05C2 " PS

'DO " eK OUT

'01 20 CI(FS.. IJrO
'03

" =
'D' 0 os
OQ, . HC,.. " " "'V,,, " ,.
vss " " U ,llO

" """

AIW



Ratings Symbol Value Unit
Supply Voltage VOO -0.3 to +8 V
All Input Voltages Vin VSS-0.5 to VOO+0.5 V
Current Orain per Pin Excluding

I 10 mA
VOO and VSS

Operating Temperature Range TA o to + 70 °C
Storage Temperature Range Tstg -55 to +150 ·c

Characteriatics Symbol Mln MIx Unit

Frequency of Operation fose 32.768 4194.304 kHz

Output Voltage VOL - 0.1'
V

ILoad< 10 I'A VOH VOO-O.l -
100 - Bus Idle (External clock)

CKOUT = fose, CL = 15 pF; SQW Oisabled, cr = VOO - 0.2; CL IOSC2l = 10 pF
. fosc =4. 194304 MHz 100l - 3 mA

fosc = 1.048516 MHz 1002 - 0.8 mA
fose = 32.768 kHz 1003 - 50 I'A

100 - Quiescent 10D4 - 50 I'A
fose= OC; OSC1 = DC;
All Other Inputs=VOO-0.2 V;
No Clock

Oulput High Voltaqe AOO-A07 CKOUT
VOH 4.1 - V

IILoad= - f.6 mA, SUW, ILoad= -1.0 mAl

Output Low Voltaqe AOO-A07 CKOUT VOL - 0.4 V
lILoad= 1.6 'IIA, -IRO, and SQW, ILoad= 1.0 mAl

Input High Voltage CKFS, ADO-A07, OS, AS, R/W, CE, PS VOO-2 VOO
R"E"SET VIH VOO-0.8 VOO V

OSCl Vnn-l Vnn
Input Low Voltage AOo-AD7, OS, AS, R/W, cr VSS 0.8

CKFS, PS, RESET VIL VSS 0.8 V
OSCl VSS 0.8

Input Current All Inputs lin - ±1 ~
Three-State Leakage ADO-A07 ITSL - ±10 ~

enen..J
::IeIOffi
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Chlrlcterlstics Symbol Mln MIX Unit

Frequency of Operation lose 32.768 32.768' kHz
Output Voltage Vex. 0.1

V
IcOAO< 10 JJ A VOH Voo-0.1

IDD - Bu~ Idle
CKOUT = I••e, CL = 15 pF, SQW Oisabled, ~ = Voo-0.2, CL (OSC2) = 10 pF
lose = 32.768 kHz 1003 - 50 uA

100 - Quiscent 1004 - 50 JJA
lose = OS;oSC1=OC;
All Other Inputs = Voo-0.2 V;
No Clock

Output High Voltage
(LLo." = -0.25 mA, All Outputs) VOH 2.7 - V

uutput Low voltage
(ILo•• = 0.25 mA, All Outputs) VOL - 0.3 V

Input High Voltage Aoo-A07, OS, AS, R/W, CE, V'H 2.1 Voo v
~,CKFS,PS,OSC1 2.5 Voo

Input Low Voltage (All Inputs) V,L Vss U.O v
nput (.;urrent All nputs -lin :l:l JJA

Three-::;tate Leakage IRQ. ADO-A07 ITSL ±lU JJA



Voo = 5.0 V
± 10%

Voo = 3.0 V 2 TTL and
Ident. 50 pF Load 130 pF Load

Number CharaeterisUes Symbol Mln Mall Mln Max Unit

1 Cycle Time le,e 5000 - 953 de ns
2 Pulse Width, DS/E Low or RD/WR High PWEL 1000 300 ns
3 Pulse Width, DS/E High or 'Im/WR" Low PWEH 1500 - 325 - ns
4 Input Rise and Fall Time tr,t, 100 30 ns
8 RIW Hold Time tRWH 10 - 10 ns

13 RIW Setup Time Before DS/E tRWS 200 - 80 - ns
14 Chip Enable Setup Time Before AS/ALE Fall tcs 200 * 55 * ns
15 ChIp Enable Hold Time teH 10 0 ns
18 Read Data Hold Time tOHR 10 1000 10 100 ns
21 Write Data Hold Time tOHW 100 0 ns
24 Muxed Address Valid Time to AS/ALE Fall t.•.SL 200 - 50 - ns
25 Muxed Address Hold Time tAHL 100 - 20 - ns
26 Delay Time DS/E to AS/ALE Rise 1,.50 500 - 50 - ns
27 Pulse Width, AS/ALE High PW.SH 600 - 135 - ns
28 Delay Time, AS/ALE to DS/E Rise lASED 500 - 60 - ns
30 Peripheral Output Data Delay Time from DS/E or RD to DR 1300 - 20 240 ns
31 Peripheral Data Setup Time t05W 1500 - 200 - ns

NOTE: Designations E, ALE, m:5, and ~ refer to signals from alternative microprocessor signals.
*See Important Application Notice (refer to Fig. 23).

A(J().
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WR (Write Enable)
(R/ViPin)

WR IWrite Enable)
IR/Vi PinI

ADO-AD?
(Address/ Data Bus)
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tRC - 100 ms

Reset Pulse Width tRWL 5 - I's

Reset Delay Time tRLH 5 - I'S

Power Sense Pulse Width tpWL 5 - I'S

Power Sense Delay Time tpLH 5 - 1'5

IRQ Release from DS tlRDS - 2 1'5

IRQ Release from RESET IIRR - 2 I'S

VRT Bit Delay tVRTD - 2 1'5



__ /1---S-S --

VDD (1 ff U)
U)..J

VDD Pin ::lo(mffi
1-:1:-Q.m-av cOli:wQ.

PS Pin ~rw'j
0

1

~ r- tVRTD

VRT Bil fl 7
CD The VRT bit is set to a "1" by reading Control Register #D. The VRT Bit can only be cleared by pulling

the PS Pin low (see REGISTER D ($OD)).



The MOTEL circuit is a new concept that permits the
CDP6818 to be directly interfaced with many types of micro-
processors. No external logic is needed to adapt to the differ-
ences in bus control signals from common multiplexed bus
microprocessors.

Practically all microprocessors interface with one of two
synchronous bus structures.

The MOTEL circuit is built into peripheral and memory ICs to
permit direct connection to either type of bus. An industry
standard bus structure is now available. The MOTEL concept
is shown logically in Figure 9.

6800
Family Type
MPU Signals

Competitor Type
MPU Signals

CDP6818
Pin Signals

MOTEL selects one of two interpretations of two pins. In the
6805 case, OS and R/W are gated together to produce the
internal read enable. The internal write enable is a similar
gating of the inverse of R/W With competitor buses, the inver-
sion of liD and WR create functionally identical internal read
and write enable signals.

The CDP6818 automatically selects the ..£.':ocessor type by
using AS/ ALE to latch the state of the DS/RD pin. Since DS is
always low and AD is always high during AS and ALE, the latch
automatically indicates which processor type is connected.

Competative Bus

6805
Family

Bus

Internal
Signals

The block diagram in Figure 1, shows the pin connection
with the major internal functions of the CDP6818 Real-Time
Clock plus RAM. The following paragraphs describe the func-
tion of each pin.

Voo,VSS
DC power is provided to the part on these two pins, VOO

being the most positive voltage. The minimum and max-
imum voltages are listed in the Electrical Characteristics
tables.

OSC1, OSC2 - TIME BASE, INPUTS
The time base for the time functions may be an external

signal or the crystal oscillator. External square waves at
4.194304 MHz. 1.048576 MHz. or 32.768 kHz may be con-
nected to OSCl as shown in Figure 10. The time-base fre-
quency to be used is chosen in Register A.

The on-chip oscillator is designed for a parallel resonant

AT cut crystal at 4.194304 MHz or 1.048576 MHz frequen-
cies. The crystal connections are shown in Figure 11 and the
crystal characteristics in Figure 12.

The CKOUT pin is an output at the time-base frequency
divided by 1 or 4. A major use for CKOUT is as the input
clock to the microprocessor; thereby saving the cost of a se-
cond crystal. The frequency of CKOUT depends upon the
time-base frequency and the state of the CKFS pin as shown
in Table 2.

The CKOUT pin is an output at the time-base frequency
divided by 1 or 4. CKFS tied to VOO causes CKOUT to be
the same frequency as the time base at the OSC1 pin. When
CKFS is at VSS. CKOUT is the OSC1 time-base frequency
divided by four. Table 2 summarizes the effect of CKFS.



4.194304 MHz
or

1.048576MHz
or

32.768 kHz
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L1 C1 RS-'C~:J_2

_3 ---101---2
rose 4.194304 MHz 1.048576 MHz 32.768 KHz

Rs max 75 n 700 n 50K
CO max 7 pF 5 pF 1.7 pF

Cl 0.012 pF 0.008 pF 0.003 pF
Cin/Cout 15-30 pF 15-40 pF 10-22 pF

Q 50 k 35 k 30 k
R - - 300-470 K
R1 10M 10M 22M



IV::;l;11 Select Pin Output Pin
Frequency (CKFS) (CKOUT)

4.194304 MHz High 4.194304 MHz
4.194304 MHz Low 1.048576 MHz
1.048576 MHz High 1.048576 MHz
1.048576 MHz Low 262.144 kHz

32.768 kHz High 32.768 kHz
32.768 kHz Low 8.192 kHz

SQW - SQUARE WAVE, OUTPUT

The SQW pin can output a signal one of 15 of the 22
internal-divider stages. The frequency and output enable of
the SQW may be altered by programming Register A,as shown
in Table 5.The SQW signal may be turned on and off uSinga bit
in Register B.

ADO-AD? - MULTIPLEXED BIDIRECTIONAL
ADDRESS/DATA BUS

Multiplexed bus processors save pins by presenting the
address during the first portion of the bus cycle and uSingthe
same pins during the second portion for data. Address-then-
data mUltiplexing does not slow the access time of the
CDP6818 since the bus reversal from address to data ISoc-
curring during the internal RAM access time.

The address must be valid just prior to the fall of AS/ ALE at
which time the CDP6818 latches the address from ADO to
ADS.Valid write data must be presented and held stable during
the latter portion of the DS orWl1 pulses. In a read cycle, the
CDP6818 outputs 8 bits of data during the latter portion of the
DS or RD pulses, then ceases driving the bus (returns the
output drivers to three-state) when DS falls in this case of
MOTEL or RD rises in the other case.

AS - MULTIPLEXED ADDRESS STROBE, INPUT

A positive going multiplexed address strobe pulse serves to
demultiplex the bus. The falling edge of AS or ALE causes the
address to be latched within the CDP6818. The automatic
MOTEL circuitry in the CDP6818 also latches the state of the
DS pin with the falling edge of AS or ALE.

DS - DATA STROBE OR READ, INPUT

The DS pin has two interpretations via the MOTEL circuit.
When emanating from a 6800 type processor, DS is a positive
pulse during the latter portion of the bus cycle, and is variously
called DS (data strobe), E (enable), and ¢2 (¢2 clock). During
read cycles, DS signifies the time that the RTC is to drive the
bidirectional bus. In write cycles, the trailing edge of OS
causes the Real-Time Clock plus RAM to latch the written
data. _

The second MOTEL interpretation of DS is that of RD,
MEMR, or I/OR emanating from a competitor type processor.
In this case, DS identifies the time period when the real-time
clock plus RAM drives the bus with read data. This interpreta-
tion of DS is also the same as an output-enable signal on a
typical memory.

The MOTEL circuit, within the CDP6818, latches the state of
the OSpin on the falling edge of AS/ ALE.When the 6800 mode
of MOTEL is desired DS must be low du!ing AS/ ALE, which is

R/W - READ/WRITE, INPUT

The MOTEL circuit treats the R/Vii pin in one of two ways.
When a 6805 type processor is connected, R/Vii is a level
which indicates whether the current cycle is a read or write. A
read cycle is indicated with a high level on R/Vii while DS is
high, whereas a write cycle is a lo~on R/W during DS. .

The second interpretation of R/W is as a negative write
pulse, "Wrl, MEMW, and fT(5iiii from competitl2!:..type proces-
sors. The MOTEL circuit in this mode gives R/W pin the same
meaning as the write (W) pulse on many generic RAMs.

CE - CHIP ENABLE, INPUT

The chip-enable (CE) signal must be asserted (low) for a
bus cycle in which the CDP6818 is to be accessed. CE is not
latched and must be stable during DS and AS (in the 6805
mode of MOTEL) and during 1iL> and WR (in the competitor
mode). Bus cycles which take place without asserting IT
cause no actions to take place within the COP6818. When CE
is high, the multiplexed bus output is in a high-impedance
state. _

When CE is high, all address, data, DS,and R/W inputs from
the processor are disconnected within the COP6818. This
permits the CDP6818 to be isolated from a powered-down
processor. When CE is held high, an unpowered device cannot
receive power through the input pins from the real-tIme clock
power source. Battery power consumption can thus be re-
duced by using a pullup resistor or active clamp on cr when
the main power is off.

TRQ - INTERRUPT REQUEST, OUTPUT

The iRQ pin is an active low output of the CDP68U!lhat may
be used as an interrupt input to a processor. The IRQ output
remains low as long as the status bit causing the interrupt is
present and the corresponding interrupt-enable bit is set. To
clear the IRQrf~s,~~eprocessor program normally reads Reg-
ister C. The pin also clears pending Interrupts.

When no interrupt conditions are present, the ~ level is in
the high-impedance state. Multiple interrupting devices may
thus be connected to an iRQ bus with one pullup at the
processor.

RESET - RESET, INPUT

The RESET pin does not affect the clock, calendar, or RAM
functions. On the powerup, the RESETpin must be held low for
the specified time, tRLH,in order to allow the power supply to
stabilize. Figure 13 shows a typical representation of the
RESET pin circuit.

When JiESEi is low the following occurs:
a) Periodic Interrupt Enable (PIE) bit is cleared to zero,
b) Alarm Interrupt Enable (AlE) bit is cleared to zero,
c) Update ended Interrupt Enable (UIE) bit is cleared to

zero,
d) Update ended Interrupt Flag (UF) bit is cleared to zero,
e) Interrupt Request status Flag (lROF) bit is cleared to

zero,
f) Periodic Interrupt Flag (PF) bit is cleared to zero,



gl Alarm Interrupt Flag IAFl bit is cleared to zero,
hi IRO pin is in high-impedance state, and

j) Square Wave output Enable (SOWEI bit is cleared to
zero.

Dl D2
System Battery

VDD Backup

VDD

D3 CDP6818

RESET

I O.OO5~F vss

Note: If the RTC is isolated from the MPU or MCU power by a
diode drop, care must be taken to meet Vin requiremenls.

System

VDD

I

The power-sense pin is used in the control of the valid
RAM and time (VRT) bit in Register D. When the PS pin is low
the VRT bit is cleared to zero.

During powerup, the PS pin must be externally held low for
the specified time, tPL. As power is applied the VTR bit re-
mains low indicating that the contents of the RAM, time
registers, and calendar are not guaranteed. When normal
operation commences PS should be permitted to go high
after a powerup to allow the VRT bit to be set by a read of
Register D. Figure 14 shows a typical circuit connection for
the power-sense pin.

In most systems, the CDP6818 must continue to kee'p time
when system power is removed. In such systems, a conver-
sion from system power to an alternate power supply, usually a
battery, must be made. During the transition from system to
battery power, the designer of a battery backed-up RTC sys-
tem must protect data integrity, minimize power consumption,
and ensure hardware reliability.

The chip enable lCEI pin controls all bus inputs lA/Vii, OS,
AS, AOO-A07) CE, when negated, disallows any unintend-
ed modification of the RTC data by the bus. CE also reduces
power consumption by reducing the number of transitions
seen internally.

Power consumption may be further reduced by removing
resistive and capacitive loads from the clock out (CKOUTI
pin and the squarewave (SOWI pin.

During and after the power source conversion, the VIN
maximum specification must never be exceeded. Failure to
meet the VIN maximum specification can cause a virtual
SCR to appear which may result in excessive current drain
and destruction of the part.

Figure 15 shows the address map of the CDP6818. The
memory consists of 50 general purpose RAM bytes, 10 RAM
bytes which normally contain the time, calendar, and alarm
data, and four control and status bytes. All 64 bytes are directly
readable and writable by the processor program except Regis-
ters C and D which are read only. Bit 7 of Register A and the
high order bit of the seconds byte are also read only. Bit 7, of
the second byte, always reads "0". The contents of the four
control and status registers are described in the Register
section.

TIME, CALENDAR, AND ALARM LOCATIONS
The processor program obtains time and calendar infor-

mation by reading the appropriate locations. The program
may initialize the time, calendar, and alarm by writing to
these RAM locations. The contents of the 10 time, calendar,
and alarm byte may be either binary or binary-coded decimal
(BCD)

(f)
(f).J
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Before initializing the internal registers. the SET bit in
Register B should be set to a "1" to prevent timel calendar
updates from occurring. The program initializes the 10 loca-
tions in the selected format (binary or BCD). then indicates
the format in the data mode (OM) bit of Register B. All 10
time. calendar. and alarm bytes must use the same data
mode. either binary or BCD. The SET bit may now be cleared
to allow updates. Once initialized the real-time clock makes
all updates in the selected data mode. The data mode cannot
be changed without reinitializing the 10 data bytes.

Table 3 shows the binary and BCD formats of the 10 time.
calendar. and alarm locations. The 24/12 bit in Register B
establishes whether the hour locations represent l-to-12 or

0 $00
14

Bytes
13 00

14 OE

50
Bytes
User
RAM

0-to-23. The 24/12 bit cannot be changed without reinitializ-
ing the hour locations. When the 12-hour format is selected
the high-order bit of the hours byte represents PM when it is
a "1".

The time. calendar. and alarm bytes are not always ac-
cessable by the processor program. 'Once-per-second the 10
bytes are switched to the update logic to be advanced by one
second and to check for an alarm condition. If any of the 10
bytes are read at this time. the data outputs are undefined.
The update lockout time is 248}is at the 4.194304 MHz and
1.048567 MHz time bases and 1948 }is for the 32.768 kHz
time base. The Update Cycle section shows how to accom-
modate the update cycle in the processor program.

0 Seconds $00

1 See Alarm 01

2 Minutes 02

3 Min Alarm 03

4 Hours 04

5 Hr Alarm 05

6 Day of Wk 06

7 Date of Mo 07

8 Montt, 08

9 Year 09 .-

10 Register A OA

11 Register 8 OB

12 Register C OC

13 Register 0 $00

BInary
or 8CD

Contents

Addrea Decimal Range
Examnle*

Location
Function

Range Binary Data Mode BCD Data Mode
Binary BCD

Data Mode Data Mode

0 Seconds 0-59 SOO-S38 SOO-S59 15 21

1 Seconds Alarm 0-59 SOO-S38 SOO-S59 15 21

2 Minutes 0-59 SOO-S38 SOO-S59 3A 58

3 Minutes Alarm 0-59 SOO-S38 SOO-S59 3A 58

Hours
1-12

$Ol-$OC (AM) and SOl-S12 (AMI and
05 05

112 Hour Model $B1-S8C IPM) S81-S92 IPMI
4

Hours
124 Hour Model

0-23 SOO-S17 SOO-S23 05 05

Hours Alarm
1-12

SOl-S0C lAM) and SOl-S12 IAMI and 05 05

5
112 Hour Model $B1-$BC (PM) S81-S92 (PMI

Hours Alarm 0-23 05 05
124 Hour Model

SOO-S17 SOO-23

6 Day of the Week
1-7 SOl-S07 SOl-S07 05 05

Sunday = 1

7 Day of the MO,1th 1-31 SOl-SlF SOl-S31 OF 15

8 Month 1-12 SOl-S0C SOl-S12 02 02

9 Vear 0-99 SOO-S63 SOO-S99 4F 79



The three alarm bytes may be used in two ways. When the
program inserts an alarm time in the appropriate hours,
minutes, and seconds alarm locations, the alarm interrupt is
initiated at the specified time each day if the alarm enable bit
is high. The alternate usage is to insert a "don't care" state in
one or more of three alarm bytes. The "don't care" code is
any hexadecimal byte from CO to FF. That is, the two most-
significant bits of each byte, when set to "1", create a "don't
care" situation. An alarm interrupt each hour is created with
a "don't care" code in the hours alarm location. Similarly, an
alarm is generated every minute with" don't care" codes in
the hours and minutes alarm bytes. The "don't care" codes
in all three alarm bytes create an interrupt every second.

STATIC CMOS RAM
The 50 general purpose RAM bytes are not dedicated within

the CDP6818. They can be used by the processor program,
and are fUlly available during the update cycle.

When time and calendar information must use battery
back-up, very frequently there is other non-volatile data that
must be retained when main power is removed. The 50 user
RAM bytes serve the need for low-power CMOS battery-
backed storage, and extend the RAM available to the pro-
gram.

When further CMOS RAM is needed, additional CDP6818S
may be included in the system. The time/calendar functions
may be disabled by holding the DVO-DV2 dividers, in Register
A, in the reset state or by setting the SET bit in CR2 Register B
or by removing the oscillator. Holding the dividers in reset
prevents interrupts or SOW output from operating while set-
ting the SET bit allows these functions to occur. With the
dividers clear, the available user RAM is extended to 59 bytes.
Bit 7 of Register A, Registers C and 0, and the high-order Bit of
the seconds byte cannot effectively be used as general pur-
pose RAM.

INTERRUPTS

The RTC plus RAM includes three separate fully automatic
sources of interrupts to the processor. The alarm interrupt
may be programmed to occur at rates from once-per-second
to one-a-day. The periodic interrupt may be selected for
rates from half-a-second to 30.517 I's. The update-ended
interrupt may be used to indicate to the program that an up-
date cycle is completed. Each of these independent interrupt
conditions are described in greater detail in other sections.

The processor program selects which interrupts, if any, it
wishes to receive. Three bits in Register B enable the three
interrupts. Writing a "1" to a interrupt-enable bit permits
that interrupt to be initiated when the event occurs. A "0" in
the interrupt-enable bit prohibits the IRQ pin from being
asserted due to the interrupt cause.

If an interrupt flag is already set when the interrupt
becomes enabled, the IRQ pin is immediately activated,
though the interrupt initiating the event may have occurred
much earlier. Thus, there are cases where the program
should clear such earlier initiated interrupts before first
enabling new interrupts.

When an interrupt event occurs a flag bit is set to a "1" in
Register C. Each of the three interrupt sources have separate
flag bits in Register C, which are set independent of the state
of the corresponding enable bits in Register B. The flag bit
may be used with or without enabling the corresponding
enable bits.

In the software scanned case, the program does not
enable the interrupt. The "interrupt" flag bit becomes a
status bit, which the software interrogates, when it wishes.
When the software detects that the flag is set, it is an indica-
tion to software that the "interrupt" event occurred since the
bit was last read.

However, there is one precaution. The flag bits in Register
C are cleared (record of the interrupt event is erased) when
Register C is read. Double latching is included with Register
C so the bits which are set are stable throughout the read
cycle. All bits which are high when read by the program are
cleared, and new interrupts (on any bitsl are held until after
the read cycle. One, two, or three flag bits may be found to
be set when Register C is read. The program should inspect
all utilized flag bits every time Register C is read to insure
that no interrupts are lost.

The second flag bit usage method is with fully enabled
interrupts. When an interrupt-flag bit is set and the cor-
responding interrupt-enable bit is also set. the IRQ pin is
asserted low. IRQ is asserted as long as at least one of the
three interrupt sources has its flag and enable bits both set.
The IRQF bit in Register C is a "1" whenever the IRQ pin is
being driven low.

The processor program can determine that the RTC
initiated the interrupt by reading Register C. A "1" in bit 7
(I RQF bit) indicates that one or more interrupts have been
initiated by the part. The act of reading Register C clears all
the then-active flag bits, plus the IRQF bit. When the pro-
gram finds IRQF set, it should look at each of the individual
flag bits in the same byte which have the corresponding
interrupt-mask bits set and service each interrupt which is
set. Again, more than one interrupt-flag bit may be set.

DIVIDER STAGES

The CDP6818 has 22 binary-divider stages following the
time base as shown in Figure 1.The output of the dividers is a 1
Hz signal to the update-cycle logic. The dividers are controlled
by three divider bits (DV2, DV1, and DVO) in Register A.

DIVIDER CONTROL
The divider-control bits have three uses, as shown in Table

4. Three usable operating time bases may be selected
(4.194304 MHz, 1.048576 MHz, or 32.768 kHzl. The divider
chain may be held reset. which allows precision setting of
the time. When the divider is changed from reset to an
operating time base, the first update cycle is one second
later. The divider-control bits are also used to facilitate
testing the CDP6818

tJ)
tJ).J;:,0(
I11ffiI-::C-0.111_
cliO:
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DV2 DV1 DVO

4.194304 MHz 0 0 0 Yes - N=O

1.048576 MHz 0 0 1 Yes - N=2

32.768 kHz 0 1 0 Yes - N=7

Any 1 1 0 No Yes -

Any 1 1 1 No Yes -

SQUARE-WAVE OUTPUT SELECTION

Fifteen of the 22 divider taps are made available to a
1-of-15 selector as shown in Figure 1. The first purpose of
selecting a divider tap is to generate a square-wave output
signal on the saw pin. Four bits in Register A establish the
square-wave frequency as listed in Table 5. The SOW fre-
quency selection shares the 1-of-15 selector with periodic
interrupts.

Once the frequency is selected, the output of the SOW pin
may be turned on and off under program control with the
square-wave enable ISOWEI bit in Register B. Altering the
divider, square-wave output selection bits, or the SOW
output-enable bit may generate an asymetrical waveform at
the time of execution. The square-wave output pin has a
number of potential uses. For example, it can serve as a fre-
quency standard for external use, a frequency synthesizer, or
could be used to generate one or more audio tones under
program control.

PERIODIC INTERRUPT SELECTION
The periodic interrupt allows the IRO pin to be triggered

from once every 500 ms to once every 30.517 ,.s. The
periodic interrupt is separate from the alarm interrupt which
may be output from once-per-second to once-per-day.

Table 5 shows that the periodic interrupt rate is selected
with the same Register A bits which select the square-wave
frequency. Changing one also changes the other. But each
function may be separately enabled so that a program could
switch between the two features or use both. The SOW pin
is enabled by the SOWE bit Similarly the periodic interrupt is
enabled by the PIE bit in Register B.

Periodic interrupt is usable by practically all real-time
systems. It can be used to scan for all forms of inputs from
contact closures to serial receive bits on bytes. It can be used
in multiplexing displays or with software counters to
measure inputs, create output intervals, or await the next
needed software function.

4.194304 or 1.048576 MHz 32.768 kHz

Rate Select
Time Base Time Base

Control Reaister A Periodic Periodic

RS3 RS2 RS1 RSO
Interrupt Rate saw Output Interrupt Rate saw Output

tPI Frequency tpi Frequency
0 0 0 0 None None None None
0 0 0 1 30.517 /,S 32.768 kHz 3.90625 ms 256 Hz
0 0 1 0 61.035/,s 16.384 kHz 7.8125 ms 128 Hz
0 0 1 1 122.070 uS 8.192 kHz 122.070 uS 8.192 kHz
0 1 0 0 244.141/'s 4.096 kHz 244.141/,s 4.096 kHz
0 1 0 1 468.281 /'s 2.048 kHz 468.281/,s 2.048 kHz
0 1 1 0 976562/'s 1.024 kHz 976.562/,s 1.024 kHz
0 1 1 1 1.953125 ms 512 Hz 1.953125 ms 512 Hz
1 0 0 0 3.90625 ms 256 Hz 3.90625 ms 256 Hz
1 0 0 1 7.8125 ms 128 Hz 7.8125 ms 128 Hz
1 0 1 0 15.625 ms 64 Hz 15.625 ms 64 Hz
1 0 1 1 31.25 ms 32 Hz 31.25 ms 32 Hz
1 1 0 0 62.5 ms 16 Hz 62.5 ms 16 Hz
1 1 0 1 125 ms 8 Hz 125 ms 8 Hz
1 1 1 0 250 ms 4 Hz 250 ms 4 Hz
1 1 1 1 500 ms 2 Hz 500 ms 2 Hz



UPDATE CYCLE
The COP6818 executes an update cycle once-per-

second, assuming one of the proper time bases is in place,
the divider is not clear, and the SET bit in Register B is clear.
The SET bit in the" 1" state permits the program to initialize
the time and calendar bytes by stopping an existing update
and preventing a new one from occurring. .

The primary function of the update cycle is to increment
the seconds byte, check for overflow, increment the minutes
byte when appropriate and so forth through to the year of
the century byte. The update cycle also compares each
alarm byte with the corresponding time byte and issues an
alarm if a match or if a "don't care" code 111XXXXXX) is
present in all three positions.

With a 4.194304 MHz or 1.048576 MHz time base the up-
date cycle takes 248 Jls while a 32.768 kHz time base update
cycle takes 1984 Jls. During the update cycle, the time, calen-
dar, and alarm bytes are not accessable by the processor
program. The COP6818 protects the program from reading
transitional data. This protection is provided by switching
the time, calendar, and alarm portion of the RAM off the
microprocessor bus during the entire update cycle. If the
processor reads these RAM locations before the update is
complete the output will be undefined. The update in pro-
gress (UIP) status bit is set during the interval.

A program which randomly accesses the time and date in-
formation finds data unavailable statistically once every 4032
attempts. Three methods of accommodating nonavailability
during update are usable by the program. In discussing the
three methods it is assumed that at random points user pro-
grams are able to call a subroutine to obtain the time of day.

The first method of avoiding the update cycle uses the
update-ended interrupt. If enabled, an interrupt occurs after
every update cycle which indicates that over 999 ms are
available to read valid time and date information. During this
time a display could be updated or the information could be
transfered to continuously available RAM. Before leaving the
interrupt service routine, the IROF bit in Register e should be
cleared.

The second method uses the update-in-progress bit IUIP)
in Register A to determine if the update cycle is in progress
or not. The UIP bit will pulse once-per-second. Statistically,
the UIP bit will indicate that time and date information is
unavailable once every 2032 attempts. After the UIP bit goes
high, the update cycle begins 244 JlS later. therefore, if a low
is read on the UIP bit, the user has at least 244 JlS before the
time/calendar data will be changed. If a "1" is read in the
UIP bit, the time/calendar data may not be valid. The user
should avoid interrupt service routines that would cause the

time needed to read valid time/ calendar data to exceed
244 Jls.

The third method uses a periodic interrupt to determine if
an update cycle is in progress. The UIP bit in Register A is set
high between the setting of the PF bit on Register C (see
Figure 16). Periodic interrupts that occur at intervals greater
than tBue + tue allow valid time and date information to be
read at each occurrence of the periodic interrupt. The reads
should be completed within ITPI +21 + tBue to insure that
data is not read during the update cycle. To properly set the
internal counters for Daylight Savings Time operation, the
user must set the time at least two seconds before the
rollover will occur. Likewise, the time must be set at least two
seconds before the end of the 29th or 30th day of the month.

REGISTERS
The COP6818 has four registers which are accessible to the

processor program. The four registers are also fUlly accessible
during the update cycle.

Read/Write
Register

except UIP

UIP - The update in progress (UIP) bit is a status flag that
may be monitored by the program. When UIP is a "1" the
update cycle is in. progress or will soon begin. When UIP is a
"0" the update cycle is not in progress and will not be for at
least 244 JlS (for all time bases!. This is detailed in Table 6.
The time, calendar, and alarm information in RAM is fully
available to the program when the U IP bit is zero - it is not
in transition. The UIP bit is a read-only bit, and is not af-
fected by Reset. Writing the SET bit in Register B to a "1"
inhibits any update cycle and then clears the UIP status bit.

Time Base Update Cycle Time
Minimum Time

UIP Bit Before Update
lOSC1) (tUC) Cycle (tBUC)

1 4.194304 MHz 248 p's -

1 1.048576 MHz 248 p'S -
1 32.768 kHz 1984 p's -

0 4.194304 MHz - 244 P.s
0 1.048576 MHz - 244 P.s
0 32.768 kHz - 244 p's

UIP bit In I:-l
'::::~:"' ------------------lB-u-c-j~{rnm~-I-U-C-------~

Register C I . ~ _

~

• IP_1 •. ~IPI+2 --t- tpl+2
PF bit In

Register C

~ nmrn _
tpi = Periodic Interrupt Time Interval (500 ms. 250 ms, 125 ms, 62.5 ms, etc. per Table 5)
tuc = Update Cycle Time 1248P.sor 1984 p.s)
tBUC = Delay Time Before Update Cycle (244 p.s)

Fig. 16 - Update-ended and periodic interrupt relationships.

C/)
C/) ••••
::::>CCmffi
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DV2, DV1, DVO - Three bits are used to permit the pro-
gram to select various conditions of the 22-stage divider
chain. The divider selection bits identify which of the three
time-base frequencies is in use. Table 4 shows that time
bases of 4.194304 MHz, 1.048576 MHz, and 32.768 kHz may
be used. The divider selection bits are also used to reset the
divider chain. When the timet calendar is first initialized, the
program may start the divider at the precise time stored in
the RAM. When the divider reset is removed the first update
cycle begins one-half second later. These three read/write
bits are not affected by 1'lES'E'F.

RS3, RS2, RS1, RSO - The four rate selection bits select
one of 15 taps on the 22-stage divider, or disable the divider
output. The tape selected may be used to generate an output
square wave (SQW pin) and/or a periodic interrupt. The pro-
gram may do one of the following: 1) enable the interrupt
with the PIE bit, 2) enable the SQW output pin with the
SQWE bit, 3) enable both at the same time at the same rate,
or 4) enable neither. Table 5 lists the periodic interrupt rates
and the square-wave frequencies that may be chosen with
the RS bits. These four bits are read/write bits which are not
affected by RESET.

Read/Write
Register

SET - When the SET bit is a "0", the update cycle func-
tions normally by advancing the counts once-per-second.
When the SET bit is written to a "1", any update cycle in
progress is aborted and the program may initialize the time
and calendar bytes without an update occurring in the midst
of initializing. SET is read/write bit which is not modified
but RESET or internal functions of the CDP6818.

PIE - The periodic interrupt enable (PIE) bit is a read/
write bit which allows the periodic-interrupt flag (PF) bit in
Register C to cause the I11Q pin to be driven low. A program
writes a "1" to the PIE bit in order to receive periodic inter-
rupts at the rate specified by the RS3, RS2, RS1, and RSO bits
in Register A. A zero in PIE blocks I11Q from being initiated by
a periodic interrupt, but the periodic flag (PF) bit is still set at
the periodic rate. PIE is not modified bYREn~irternal CDP6818
functions, but is cleared to "0" by a . E .

AlE - The alarm interrupt enable (AIEl bit is a read/write
bit which when set to a "1" permits the alarm flag (AF) to
assert IRQ. An alarm interrupt occurs for each second that
the three time bytes equal the three alarm bytes (including a
"don't care" alarm code of binary llXXXXXX). When the
AlE bit is a "0", the AF bit does not initiate an iRQ signal.
The RESET pin clears AlE to "0". The internal functions do
not affect the AlE bit.

UIE - The UIE (update-ended interrupt enable) bit is a
read/write bit which enables the update-end flage (UF) bit to
assert IRQ. The RESET pin going low or the SET bit going
high clears the UIE bit.

SQWE - When the square-wave enable (SQWE) bit is set
to a "1" by the program, a square-wave signal at the fre-

quency specified in the rate selection bits (RS3 to RSOl ap-
pears on the SQW pin. When the SQWE bit is set to a zero
the SQW pin is held low. The state of SQWE is cleared by
the RESET pin. SQWE is a read/write bit.

OM - The data mode (OM) bit indicates whether time
and calendar updates are to use binary or BCD formats. The
DM bit is written by the processor program and may be read
by the program, but is not modified by any internal functions
or m. A "1" in DM signifies binary data, while a "0" in
DM specifies binary-coded-decimal (BCD) data.

24/12 - The 24/12 control bit establishes the format of
the hours bytes as either the 24-hour mode (a "1 ") or the
12-hour mode (a "0"). This is a read/write bit, which is af-
fected only by the software.

DSE - The daylight savings enable (oS E) bit is a
read/write bit which allows the program to enable two
special updates (when DSE is a "1"). On the last Sunday in
April the time increments from 1:59:59 AM to 3:00:00 AM.
On the last Sunday in October when the time first reaches
1:59:59 AM it changes to 1:00:00 AM. These special updates
do not occur when the DSE bit is a "0". DSE is not changed
by any internal operations or ~

LSBRead-Only
Register

IRQF - The interrupt request flag (JRQF) is set to a "1"
when one or more of the following are true:

PF=PIE="1"
AF=AIE="1"
UF=UIE="1"

i.e., IRQF= PF.PIE+ AF.AIE+ UF.UIE

Any time the IRQF bit is a "1", the IRQ pin is driven low.
All flag bits are cleared after Register C is read by the pro-
gram or when the RESET pin is low.

PF - The periodic interrupt flag (PF) is a read-only bit
which is set to a "1" when a particular edge is detected on
the selected tap of the divider chain. The RS3 to RSO bits
establish the periodic rate. PF is set to a "1" independent of
the state of the PIE bit. PF being a "1" initiates an IRQ signal
and sets the IRQF bit when PIE is also a "1." The PF bit is
cleared by a RESET or a software read of Register C.

AF - A "1" in the AF (alarm interrupt flag) bit indicates
that the current time has matched the alarm time. A "1" in
the AF causes the IRQ pin to go low, and a "1" to appear in
the IRQF bit, when the AlE bit also is a "1." A RESET or a
read of Register C clears AF.

UF - The update-ended interrupt flag (UF) bit is set after
each update cycle. When the UIE bit is a "1", the "1" in UF
causes the IRQF bit to be a "1", asserting IRQ. UF is cleared
by a Register C read or a RESET.

b3 TO bO - The unused bits of Status Register 1 are read
as "O's". They can not be written.



Read Only

Register

VRT - The valid RAM and time (VRT) bit indicates the
condition of the contents of the RAM, provided the power
sense (PS) pin is satisfactorily connected. A "0" appears in
the VRT bit when the power-sense pin is low. The processor
program can set the VRT bit when the time and calendar are
initialized to indicate that the RAM and time are valid. The
VRT is a read/only bit which is not modified by the RESET
pin. The VRT bit can only be set by reading Register D.

b6 TO bO - The remaining bits of Register D are unused.
They cannot be written, but are always read as "O's."

TYPICAL INTERFACING

The CDP6818 is best suited for use with microprocessors
which generate an address-then-data multiplexed bus. Fig-
ures 17 and 18 show typical Interlaces to bus-compatible
processors. These interfaces assume that the address decod-
ing can be done quickly. However, if standard metal-gate
CMOS gates are used the CE setup time may be violated.
Figure 19 illustrates an alternative method of chip selection
which will accommodate such slower decoding.

The CDP6818 can be interfaced to single-chip microcom-
puters (MCU) by using eleven port lines as shown in Figure 20.
Non-multiplexed bus microprocessors can be interfaced with
additional support.

Address/Data Multiplexed 8

Address Strobe

Data Strobe IE) Other

Read/Write IR/W) Peripherals
CDP6805E2 and

Interrupt Request (IRQ) Memory

8/5 Address 8/5

I
I
I
I
I
I
I
I
I
I
I
I
L _

CJ 4.194304
MHz ITyp)

l/)
l/).J
::::)Cl:mffi
I-X
-11.113_clIa:
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Address/ Data

Address Latch Enable IALE)

Read lR) Other
Peripherals
and Memory

Write IWI

Interrupt Request

CE IRQ R/W DS AS ADO-AD7

RESET
4.194304c:J MHz ITypl

Interrupt Request IIRQI

Read/Write IR/WI

Address Strobe IAS)

Data Strobe IDS)

I
I
I
I
I
I
I
I
I
I
I'------ -------------

This illustrates the use of CMOS gating for address decoding.

4.194304 MHz
lTyp)



I
I

VSS I
I
I
I
I

Port I
~. I

I
I-----------------~

(; 8 Address/ Data0..

CDP6805
3870
8021 Address Strobe
S2000

Read

Write
(;

0..

I
I
I
I
I
L _

4.194304 MHz ITypl

o

AS
DS
R/W

There is one method of using the mUltiplexed bus CDP6818
with non-multiplexed bus processors. The interface uses
available bus control signals to mUltiplex the address and data
bus together.

An example using either the 6800, 6802, 6808, or 6809
microprocessor is shown in Figure 21.

Figure 22 illustrates the subroutines which may be used for
data transfers in a non-multiplexed system. The subroutines

6800
6802
6~~8 R/W
6809

should be entered with the registers containing the following
data:

Accumulator A The address of the RTC to be accessed.
Accumulator B: Write: The data to be written

Read: The data read from the RTC
The RTC is mapped to two consecutive memory locations
RTC and RTC + 1 as shown in Figure 21.

en
en.J;:)CCalffi
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FIGURE 22 - SUBROUTINE FOR READING AND WRITING
THE CDP6818 WITH A NON-MULTIPLEXED BUS

READ STA RTC Generate AS and Latch Data from ACCA
LDAB RTC+1 Generate OS and Get Data
RTS

WRITE STA RTC Generate AS and Latch Data from ACCA
STAB RTC+1 Generate OS and Store Data
RTS

IMPORTANT APPLICATION NOTICE
The CDP6818 with a bottom brand code of 6RR requires a application of power down circuitry. If CE is grounded at all

synchronization of the ct pin with address strobe. The follow- times (no power down required) the following circuit need not
ing circuit will satisfy that condition and also shows a typical be used.

CDP6818

4 470 k 32.768 kHz STATEK

ADO ADO OSCZ CXIV OR
5 EQUIVALENT

+ 5V AOI ADI
6

ADZADZ Z
7 ascI

MBD701 AD3 AD3

(SCHOTTKY) 8
AD4 AD4

* 9 VODB8V AD5 ADS

IN4148
AD6 10 AD6 lOOK

(SI) AD7 II AD7

14 AS PS
ZZ NOTESAS

E
17

OS 18 1. All unused inputs of the CD74HC373 must be grounded.lffSn'1- R/W
15

R/W 50pF 2. If point ~ equals 12 V point ~ should be equal to 4.06 V.
13 ~ If point A equals 10 V point B should be equal

to 3.38 V with © set for 3.18 V.
"Battery Backup Voltage

TI
88V

SET FOR
38V

©
(SEE
NOTE

Z)

+IZ V(>88V)

A ®
(SEE NOTE Z)
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Features
• Low Power, High Speed CMOS
• Internal Time Base and Oscillator
• Counts Seconds, Minutes and Hours of the Day
• Counts Days of the Week, Date, Month and Year
• 3V to 6V Operation
• Time Base Input Options: 4.194304MHz, 1.048576MHz or

32.768kHz
• Time Base Oscillator for Parallel Resonant Crystals
• 40jJW to 200jJW Typical Operating Power at Low Frequency

Time Base
• 4.0mW to 20mW Typical Operating Power at High Frequency

Time Base
• Binary or BCD Representation of Time, Calendar and Alarm
• 12 or 24 Hour Clock with AM and PM in 12 Hour Mode
• Daylight Savings Time Option
• Automatic End of Month Recognition
• Automatic Leap Year Compensation
• Microprocessor Bus Compatible
• Selectable Between Motorola and Competitor Bus Timing
• Multiplexed Bus for Pin Efficiency
• Interfaced With Software as 64 RAM Locations
.14 Bytes of Clock and Control Registers
• 50 Bytes of General Purpose RAM
• Status Bit Indicates Data Integrity
• Bus Compatible Interrupt Signals (IRQ)
• Three Interrupts Are Separately Software Maskable and

Testable
~ Tlme-of-Day Alarm, Once-Per-Second to Once-Per-Day
~ Periodic Rates From 30.5jJs to 500ms
~ End-of-Clock Update Cycle

• Programmable Square Wave Output Signal
• Clock Output May Be Used as Microprocessor Clock Input at

Time Base Frequency + 1 or + 4

CDP6818A
CMOS Real-Time Clock

With RAM

Description
The CDP6818A Real-Time Clock plus RAM is a
peripheral device which includes the unique
MOTEL concept for use with various
microprocessors, microcomputers and larger
computers. This part combines three unique
features:a completetime-of-day clock with alarm
and one hundred year calendar, a programmable
periodic interruptand squarewavegenerator,and
50 bytesof low power static RAM.TheCDP6818A
uses high speed CMOS technology to interface
with 1MHz processor buses, while consuming
very little power.

The Real-Time Clock plus RAM has two distinct
uses. First, it is designed as a battery powered
CMOS part (in an otherwise NMOSmL system)
including all the common battery backed-up
functions such as RAM, time and calendar.
Secondly, the CDP6818A may be used with a
CMOS microprocessor to relieve the software of
the timekeeping workload and to extend the
available RAM of an MPU such as the
CDP6805E2.

The CDP 6818A is supplied in a 24 lead dual in
line plastic package (E suffix), in a 24 lead dual in
line sidebrazedceramic package (D suffix) and in
a 28 lead plastic chip carrier package (Qsuffix).

PACKAGE TYPES D AND E
TOP VIEW

MOT 1 24 VOO
OSC1 2 23 SOW

OSC2 3 22 PS

ADO 4 21 CKOUT
A01 5 20 C KF$

A02 6 19 iRO
A03 7 18 RESET

A04 8 17 OS
A05 9 16 Sffi
A06 10 15 R/W
A07 11 14 AS

VSS 12 13 cs

PACKAGE TYPE Q
TOP VIEW

N

~ I- ~ o ,.u
U) 0 00 U)

0 0 :> z > U) ..
4 3 2 1 28 27 26

ADO

~

25 CKOUT

AOl 24 CKFS

A02 PI N 1 23 IRQ

A03 22 RESET

A04 TO'P VI EW 21 OS

A05 20 STBY

N/C " 19 R/W

12 13 14 15 16 17 18

.• ~ ...
U) ~0 0 >V1I~ U)

" z " " z

l/)
l/)-1:::)c:e
IDffi1-:2:-0-lD_
cba:w
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OSC1

OSC2

RESET

PS

Clockl
Calendar
Update

Clock, Alarm,
Calendar RAM

110 Bytes)

BCDI
Binary

Increment

MAXIMUM RATINGS (Voltages referenced to Vss)

SUPPLY VOL TAGE, Voo "''',., .. ".""."""." "" " •........ " .. "."."".".".""."." .. -0.3 to +8.0 V
ALL INPUT VOLTAGE, V,N ....•..........•...•...........•..•.....•...•....••.••.••..•................•..•..•. Vss -0.5 to Voo +0.5 V
CURRENT DRAIN PER PIN EXCLUDING Voo and Vss, I" .. "."."."" " .. "".".".".""""."".".".""""" 10 mA
OPERATING TEMPERATURE RANGE, T.; T, to TH

CDP6818A · .............................................................•..•..•..•..•..............•.................. 0 to 70·C
STORAGE TEMPERATURE RANGE, Tot; , .........................•..•. '" " '" ......•............ -55 to +150·C

THERMAL CHARACTERISTICS
THERMAL RESISTANCE, 8J'

Plastic (E Suffix) .................................•..................................................................... 120.C/W
Ceramic (D Suffix) ........................................•..•.......................................................... 50.CIW
Chip-Carrier (N suffix)' . " . " . " " . " . " " " . " " . " " . " " . " . " . " " " .. " " .. " . " . " " " " " 80· CIW

• Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick G10 epoxy glass, or equivalent.

This device contains circuitry to protect the inputs against
damage due to high static voltages or electrical fields;
however, it is advised that normal precautions be taken to
avoid application of any Yoltage higher than maximum
rated voltages to this high-impedance circuil. For proper

operation it is recommended that V'N and Your be
constrained to the range Vss :S; (V'N or Your) :S; Voo.
Reliability of operation is enhanced if unused inputs are tied
to an appropriate logic voltage level (e.g., either Vss orVoo).



LIMITS UNITSCHARACTERISTIC MIN. MAX.
Freauency of ODeration fose 32.768 32.768 kHz
Output Voltage VOL - 0.1 V

ILoad<10uA VOH Voo-O.l -
100 - Bus Idle 1000

CKOUT = fose,CL = 15 pF; SQW Disabled, STBY = 0.2 V; CL (OSC2) = 10 pF - 50 fJA
foae= 32.768 kHz

100 - Quiescent 10D< - 50 fJA
fooe= DC; OSCl = DC; All Other InDuts = Voo-0.2 V; No Clock

Output High Voltage VOH 2.7 V
(ILoad= -0.25 mA, All Outouts)

-

Output Low Voltage VOL - 0.3 V
(ILoad= 0.25 mA, All Outputs)

Input High Voltage V'H
STBY, ADO-AD7, OS, AS, RIW, CS 2.1 Voo
RESET, CKFS, PS, OSCl 2.5 Voo V
MOT Voo Voo

Input Low Voltage V'L
STBY, ADO-AD7, OS, AS, R/W, CS, CKFS, PS, RESET, OSCl Vss 0.5

V
MOT Vss Vss

Input Current "n
AS, OS, Riw - ±10

fJA
MOT, OSC1, CE, STBY, RESET, CKFS, PS - ±1

Three-State Leakage ITsL
IRQ, ADO-AD7 - ±10 uA

CHARACTERISTIC LIMITS UNITSMIN. MAX.
Freauency of Ooeration f08C 32.768 4194.304 kHz
Output Voltage VOL - 0.1

V
ILoad< 10 uA VOH Voo-O.l -

100 - Bus Idle (External Clock)
CKOUT = fooe,CL = 15 pF; SQW Disabled, STBY = 0.2 V; CL (OSC2) = 10 pF
fooe= 4.194304 MHz 10D1 - 3 mA
fooe= 1.048516 MHz 1002 - 800 fJA
fose= 32.768 kHz 1003 - 50 uA

100 - Quiescent 10D< 50 fJAfose= DC; OSCl = DC; All Other Inouts = Voo-0.2 V; No Clock -

Output High Voltage VOH
(ILoad= -1.6 mA, ADO-AD7, CKOUT)

4.1 - V(ILoad= -1.0 mA, SQW)
Output Low Voltage VOL

(ILoad= 1.5 mA, ADO-AD7, CKOUT)
- 0.4 V(ILoad= 1.0 mA, IRQ and SQW)

Input High Voltage V'H
STBY, CFKS, ADO-AD?, OS, AS, R/W, CS, PS Voo-2.0 Voo
RESET Voo-0.8 Voo
OSCl Voo-l.0 Voo

V

MOT Voo Voo
Input Low Voltage V'L

CKFS, PS, RESET, STBY, ADO-AD7, OS, AS, R/Vii, cs. OSCl Vss 0.8
VMOT Vss Vss

Input Current "n
AS, OS, R/W - ±10
MOT, OSC1, CE, STBY, RESET, CKFS PS - ±1 fJA

Three-State Leakage IrSL
IRQ, ADO-AD7 - ±10 uA



Voo=3.0V Voo = 5.0 V ± 10%
IDENT.

CHARACTERISTIC
50 pF LOAD 1 TTL & 130 pF LOAD

UNITS
NO.

MIN. MAX. MIN. MAX.

1 CvcleTime tcvc 5000 - 953 dc ns
2 Pulse Width, DS/E Low or RD/WRHiah PWEL 1000 - 300 - ns
3 Pulse Width, DS/E Hiah or RDIWR Low PWEH 1500 - 325 - ns
4 Input Rise and Fall Time t" t, - 100 - 30 ns
8 R/W Hold Time tRWH 10 - 10 - ns
13 RIWSetup Time Before DS/E tRwS 200 - 80 - ns
14 Chip Select Setup Time Before DS, WR, or RD tcs 200 - 25 - ns
15 Chip Select Hold Time tCH 10 - 0 - ns
18 Read Data Hold Time tOHR 10 1000 10 100 ns
21 Write Data Hold Time tOHW 100 - 0 - ns
24 Muxed Address Valid Time to AS/ALE Fall tASL 200 - 50 - ns
25 Muxed Address Hold Time tAHL 100 - 20 - ns
26 Delav Time DS/E to AS/ALE Rise tASO 500 - 50 - ns
27 Pulse Width, AS/ALE High PWASH 600 - 135 - ns
28 Delav Time, AS/ALE to DS/E Rise tASEO 500 - 60 - ns
30 Peripheral Output Data Delay Time from tOOR 1300 20 240DS/E orAD - ns

31 Perioheral Data Setup Time tosw 1500 - 200 - ns
32 STBY Setup Time Before AS/ALE Rise IsBS 20 - 20 - ns
33 STBY Hold Time After AS/ALE Fall tSBH 100 - 50 - ns

ADO-
AD7

WRITE

ADO-
AD7

READ

Note: VHIGH = VOO-2.0 V, VLDW=O.8 V, for VDO=5.0 V ± 10% for outputs only.
VHIGH=2.0 V, VLDW=0.5 V, for VOO=3.0 V for outputs only.

Fig_ 2 - CDP6818A bus timing.
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WR IWrite Enable}
IR/WPlnl

WR IWrlte Enable}
IR/W Pin}

AOO-A07
(Address/Oata Busl

Note: VHIGH=VOO-2.0V, VLOW=O.8V, forVOO=5.0V ±10% for outputs only.
VHIGH=2.0 V, VLOW=O.5 V, for VOO=3.0 V for outputs only.

Fig. 4 - Bus write timing competitor multiplexed bus.
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Voo = 3.0Vdc Voo = 5.0 Vdc ± 10%
CHARACTERISTIC UNITS

MIN. MAX. MIN. MAX.

Oscillator Startup tRc - 300 - 100 ms

Reset Pulse Width tRWl 25 - 5 - JlS

Reset Delay Time tRlH 25 - 5 - JlS

Power Sense Pulse Width tPWl 25 - 5 - JlS

Power Sense Delay Time tPlH 25 - 5 - JlS

IRQ Release from DS t'RDS - 10 - 2 Jls

IRQ Release from RESET tORR - 10 - 2 JlS

VRT Bit Delay tVRTO - 10 - 2 JlS
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CDP"/t1.RIJ"u uy me ~~Internal-divider stages. The frequency'of
the saw may be altered by programming Register A. as
shown in Table 5.The saw signal may beturned on and off
using the SaWE bit in Register B.DC power is provided to the part on these two pins Voo

being the more positive voltage. The minimum and maximum
voltages are listed in the Electrical Characteristics tables.

MOT- MOTEL
The MOT pin offers flexibility when choosing bus types.
When tied to VDD. Harris timing is used. When tied to VSS.
competitor timing is used. The MOT pin must be hardwired
to the Voo or Vss supply and cannot be switched during
operation of the CDP6818A.

OSC1, OSC2 - Time Be.e, Input.

The time base for the time functions may be an external
signal or the crystal oscillator. External square waves at
4.194304 MHz. 1.048576 MHz. or 32.768 KHz may be
connected to OSC1 as shown in Figure 9. The internal
time-base frequency to be used is chosen in Register A.

The on-chip oscillator is designed for a parallel resonant AT
cut crystal at 4.194304 MHz. 1.048576 MHz or 32.768 kHz
frequencies. The crystal connections are shown in Figure
10 and the crystal characteristics in Figure 11.

CKOUT - Clock Out, Output
The CKOUT pin is an output at the time-base frequency
divided by 1 or 4. A major use for CKOUT is as the input
clock to the microprocessor; thereby saving the cost of a
second crystal. The frequency of CKOUT depends upon
the time-base frequency and the state of the CKFS pin as
shown in Table 2.

CKFS - Clock Out Frequency Select, Input

When the CKFS pin is tied to Voo•it causes CKOUT to bethe
same frequency as the time base at the OSC1 pin. When
CKFS is tied to Vss, CKOUT is the OSC1 time-base
frequency divided by four. Table 2 summarizes the effect of
CKFS.

TIME CLOCK CLOCK
BASE FREQUENCY FREQUENCY

(OSC1) SELECT PIN OUTPUT PIN
FREQUENCY (CKFS) (CKOUT)

4.194304 MHz High 4.194304 MHz

4.194304 MHz Low 1.048576MHz

1.048576 MHz High 1.048576MHz

1.048576 MHz Low 262.144 KHz

32.768 kHz High 32.768 kHz

32.768 KHz Low 8.192 KHz

AOO-A07 - Multiplexed Bldlrectlonel Addreaa/Oete Bu.

MUltiplexed bus processors save pins by presenting the
address during the first portion of the bus cycle and using
the same pins during the second portion for data. Address-
then-data mUltiplexing does not slow the access time of the
CDP6818A since the bus reversal' from address to data is
occurring during the internal RAM access time.

T.headdress must be valid just prior to the fall of AS/ALE at
which time the CDP6818A latches the address from ADOto
AD5. Valid write data must be presented and held stable
during the latter portion of the DS or WR pulses. In a read
cycle, the CDP6818A outputs eight bits of data during the
latter portion of the DS or RD pulses. then ceases driving
the bus (returns the output drivers to the high-impedance
state) when DSfalis in the 6800typeorRD rises in the other
case.

AS - Multiplexed Addre •• Strobe, Input

A positive going multiplexed address strobe pulse serves to
demultiplex the bus. The falling edge of AS or ALE causes
the address to be latched within the CDP6818A.

OS - Oete Strobe or Reed, Input

The DS pin has two interpretations via the MOTEL circuit.
When emanating from a 6800 type processor. DS is a
positive pulse during the latter portion ofthe bus cycle. and
is variously called DS (data strobe). E (enable). and 1/J2(1/J2
clock). During read cycles. DS signifies the time that the
RTC is to drive the bidirectional bus. In write cycles. the
trailing edge of DS causes the Real-Time Clock puis RAM to
latch the written data.

The second MOTEL interpretation of DS is that of RD.
MEMR. or i70R emanating from the competitor type
processor. In this case. DS identifies the time period when
the real-time clock plus RAM drives the bus with read data.
This interpretation of DS is also the same as an output-
enable signal on a typical memory.

RIW - Reed/Write, Input

The MOTEL circuit treats the R/W pin in one of two ways.
When a 6800 type processor is connected. R7Wis a level
which indicates whether the current cycle is a read or write.
A read cycle is indicated with a high level on RIWwhile DS is
high, whereas a write cycle is a low on R/W during DS.

The second interpretation of Rffl is as a negative write
pulse, WR. MEMW. and IIOW from competitor type
processors. The MOTEL circuit in this mode gives RIW pin
the same meaning as the write (W) pulse on many generic
RAMS.

CS - Chip Select, Input

The chip-select (CS) signal must be asserted (low) for a bus
cycle in which the CDP6818A is to be accessed. CS is not
latched and must be stable during DS and AS (6800 type of
MOTEL) and during RD and WR. Bus cycles which take
place without asserting~ cause no actions to take place
within the CDP6818A. When CS is not used, it should be
grounded. (See Figure 20).
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IRQ - Interrupt Request, Output
The IRQ pin is an active low output of the CDP6818A that
may be used as an interrupt input to a processor. The IRQ
output remains low as long as the status bit causing the
interrupt is present and the corresponding interrupt-enable
bit is set. To clear the IRQ pin, the processor program
normally reads Register C. The RESET pin also clears
pending interrupts.

When no interrupt conditions are present, the IRQ level is in
the high-impedance state. Multiple interrupting devices
may thus be connected to anIRObus with one pullupatthe
processor.

RESET - RESET, Input
The RESET pin does not affect the clock, calendar, or RAM
functions. On powerup, the RESETpin must be held low for
the specified time, tRlH,in order to allow the power supply to
stabilize. Figure 12 shows a typical representation of the
RESET pin circuit.

When RESET is low the following occurs:
a) Periodic Interrupt Enable (PIE) bit is cleared to zero,
b) Alarm Interrupt Enable (AlE) bit is cleared to zero,
c) Alarm Interrupt Enable (AlE) bit is cleared to zero,
d) Update ended Interrupt Flag (UF) bit is cleared to zero,
e) Interrupt Request status Flag (lRQF) bit is cleared to

zero,
f) Periodic Interrupt Flag (PF) bit is cleared to zero,
g) The part is not accessible.
h) Alarm Interrupt Flag (AF) bit is cleared to zero,
i) IRQ pin is in high-impedance state, and
j) Square Wave output Enable (SQWE) bit is cleared to

zero.

STBY - Stand-by
The STBY pin, when active, prevents access to the
CDP6818A making it ideal for battery back-up applications.
Stand-by operation incorporates a transparent latch. After
data strobe (DS) goes low (RD or WR rises), STBY is
recognized as a valid signal.

The STBY signal is totally asynchronous. Its transparent
latch is opened by the falling edge of DS (rising edge of RD
or WR) and clocked by the rising edge of AS (ALE).
Therefore, for STBY to be recognized, DS and AS should
occur in pairs. When STBY goes low before the falling edge
of DS (rising edge of WR or RD), the current cycle is
completed at that edge and the next cycle will not be
executed.

PS - Power Sense, Input

The power-sense pin is used in the control of the valid RAM
and time (VRT) bit in Register D.When the PSpin is low the
WRT bit is cleared to zero.

When using the VRT feature during powerup, the PS pin
must be externally held low for the specified tPlHtime. As
power is applied, the VRT bit remains low indicating that the
contents of the RAM, time registers, and calendar are not
guaranteed. PS must go high after powerup to allow the
VRT bit to be set by a read of register D.

System

voo
Ballery
Backup

IO()()5~F vss

01 = 02 = 03 = 1N4148 or Equivalent

Note: If the RTC is isolated from the MPU or MCU power by a
diode drop, care must be taken to meet Vin requirements.

System

VOO

I



Power-Down Considerations

In most systems, the CDP6818A must continue to keep time
when system power is removed. In such systems, a
conversion from system power to an alternate power
supply, usually a battery, must be made. During the
transition from system to battery power, the designer of a
battery backed-up RTC system must protect data integrity,
minimize power consumption, and ensure hardware
reliability.

The stand-by (STBY) pin controls all bus inputs (R/W, OS,
AS, ADO-AD7) STBY, when negated, disaliowiL!!!Y
unintended modification of the RTC data by the bus. STBY
also reduces power consumption by reducing the number
of transitions seen internally.

Power consumption may be further reduced by removing
resistive and capacitive loads from the clock out (CKOUT)
pin and the squarewave (SQW) pin.

During and after the power source conversion, the V'N
maximum specification must never be exceeded. Failure to
meet the V'N maximum specification can cause a virtual
SCR to appear which may result in excessive current drain
and destruction of the part.

Address Map

Figure 14 shows the address map of the CDP6818A. The
memory consists of 50 general purpose RAM bytes, 10 RAM
bytes which normally contain the time, calendar, and alarm
data, and four control and status bytes. All 64 bytes are
directly readable and writable by the processor program
except for the following: 1) Registers C and 0 are read only,
2) bit 7 of Register A is read only, and 3) the high-order bit of
the seconds byte is read only. The contents of four control
and status registers (A, B, C, and D) are described in
REGISTERS.

Time, Calendar, and Alarm Locations

The processor program obtains time and calendar
information by reading the appropriate locations. The
program may initialize the time, calendar, and alarm by
writing to these RAM locations. The contents of the 10 time,

0 00
14

8v IPS

13 OD

1'1 OE

50
Bytes
User
RAM

calendar, and alarm bytes may be either binary or binary-
coded decimal (BCD).

Before initializing the internal registers, the SET bit in
Register B should be set to a "1" to prevent time/calendar
updates from occuring. The program initializes the 10
locations in the selected format (binary or BCD), then
indicates the format in the data mode (OM) bitof Register B.
All 10 time, calendar, and alarm bytes must use the same
data mode, either binary or BCD. The SET bit may now be
cleared to allow updates. Once initialized the real-time
clock makes all updates in the selected data mode. The data
mode cannot be changed without reinitializing the 10 data
bytes.

Table 3 shows the binary and BCD formats of the 10 time,
calendar, and alarm locations. The 24/12 bit in Register B
establishes whether the hou r locations represent 1-to-12 or
0-to-23. The 24/12 bit cannot be changed without
reinitializing the hour locations. When the 12-hourformat is
selected the high-order bit of the hours byte represent PM
when it is a "1"'.

The time, calendar, and alarm bytes are not always
accessible by the processor program. Once per second the
10 bytes are switched to the update logicto be advanced by
one second and to check for an alarm condition. If any of
the 10 bytes are read at this time, the data outputs are
undefined. The update lockouttime is 248J1s at the4.194304
MHz and 1.048567 MHz time bases and 1948 JlS for the
32.768 kHz ti me base. The Update Cycle section shows how
to accommodate the update cycle in the processor program.

The three alarm bytes may be used in two ways. First, when
the program inserts an alarm time in the appropriate hours,
minutes, and seconds alarm locations, the alarm interrupt is
initiated at the specified time each day if the alarm enable
bit is high. The second usage is to insert a "don't care" state
in one or more of three alarm bytes. The "don't care" code is
any hexadecimal byte from CO to FF. That is, the two most-
significant bits of each byte, when set to "1", create a "don't
care" situation. An alarm interrupt each hour is created with
a "don't care" code in the hours alarm location. Similarly, an
alarm is generated every minute with "don't care" codes in
the hours and minutes alarm bytes. The "don't care" codes
in all three alarm bytes create an interrupt every second.

0 Seconds 00

1 Seconds Alarm 01

2 MlnulAs 02

3 Minutes Alarm 03

4 Hours 04

5 Hours Alarm 05

6 Day of Week 06

7 Date of Month 07

8 Mon1h 08

9 Year 09

10 Register A OA

11 Register 8 08

12 Register C OC

13 Register D OD

BHliUY

'" BCD
Contents
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RANGE EXAMPLE·
ADDRESS FUNCTION DECIMAL
LOCATION RANGE BINARY BCD BINARY BCD

DATA MODE DATA MODE DATE MODE DATA MODE

0 Seconds 0-59 $00-$3B $00-$59 15 21
1 Seconds Alarm 0-59 $00-$3B $00-$59 15 21
2 Minutes 0-59 $00-$3B $00-$59 3A 58
3 Minutes Alarm 0-59 $00-$3B $00-$59 3A 58

Hours $Ol-$OC (AM) and $01-$12 (AM) and
(12 Hour Mode) 1-12

$81-$8C (PM) $81-$92 (PM) 05 05
4

Hours
(24 Hour Mode) 0-23 $00-$17 $00-$23 05 05

Hours Alarm $01-$OC (AM) and $01-$12 (AM) and
(12 Hour Mode) 1-12 $81-$8C (PM) $81-$92 (PM) 05 05

5
Hours Alarm

(24 Hour Mode) 0-23 $00-$17 $00-23 05 05

6
Day of the Week

1-7 $01-$07 $01-$07
Sunday = 1

05 05

7 Date of the Month 1-31 $01-$1 F $01-$31 OF 15
8 Month 1-12 $Ol-$OC $01-$12 02 02

9 Year 0-99 $00-$63 $00-$99 4F 79

• Example: 5:58:21 Thursday 15 February 1979 (time is AM)

Static CMOS RAM
The 50 general purpose RAM bytes are not dedicated within
the CDP6818A. Theycan be used by the processor program,
and are fUlly available during the update cycle.

When time and calendar information must use battery back-
up very frequently there is other non-volatile data that must
be retained when main power is removed. The 50 user RAM
bytes serve the need for low-power CMOS battery-backed
storage, and extend the RAM available to the program.

When further CMOS RAM is needed, additional CDP6818As
may be included in the system. The time/calendar functions
may be disabled by holding the DVO-DV2 dividers, in
Register A, in the reset state by setting the SET bit in
Register B or by removing the oscillator. Holding the
dividers in reset prevents interrupts or SQW output from
operating while setting the SET bit allows these functions to
occur. With the dividers clear, the available user RAM is
extended to 59 bytes. The high-order bit of the seconds
byte, bit 7 or Register A, and all bits of Register C and D
cannot effectively be used as general purpose RAM.

Interrupti
The ATC plus RAM includes three separate fully automatic
sources of interrupts to the processor. The alarm interrupt
may be programmed to occur at rates from once-per-
second to one-a-day. The periodic interrupt may be selected
for rates from half-a-second to 30.517 ps. The update-
ended interrupt may be used to indicate to the program that
an update cycle is completed. Each of these independent
interrupt conditions are described in greater detail in other
sections.

The processor program selects which interrupts, if any, it
wishes to receive. Three bits in Register B enable the three
interrupts. Writing a "1" to a interrupt-enable bit permits

that interrupt to be initiated when the event occurs. A "0" in
the interrupt-enable bit prohibits the IRQ pin from being
asserted due to the interrupt cause.

If an interrupt flag is already set when the interrupt becomes
enabled, the rno pin is immediately activiated, though the
interrupt initiating the event may have occurred much
earlier. Thus, there are cases where the program should
clear such earlier initiated interrupts before first enabling
new interrupts.

When an interrupt event occurs, a flag bit is set to a "1" in
Register C. Each of the three interrupt sources have
separate flag bits in Register C, which are set independent
of the state of the corresponding enable bits in Register B.
The flag bit may be used with or without enabling the
corresponding enable bits.

In the software scanned case, the program does not enable
the interrupt. The "interrupt" flag bit becomes a status bit,
which the software interrogates, when it wishes. When the
software detects that the flag is set, it is an indication to
software that the "interrupt" event occurred since the bit
was last read.

However, there is one precaution. The flag bits in Register C
are cleared (record of the interrupt event is erased) when
Register C is read. Double latching is included with Register
C so the bits which are set are stable throughout the read
cycle. All bits which are high when read by the program are
cleared, and new interrupts (on any bits) are held after the
read cycle. One, two or three flag bits may be found to be set
when Register C is used. The program should inspect all
utilized flag bits every time Register C is read to insure that
no interrupts are lost.

The second flag bit usage method is with fully enabled
interrupts. When an interrupt-flag bit is set and the



correspondin~terrupt-enable bit is also set, the IRQ pin is
asserted low. IRQ is asserted as long as at least one of the
three interrupt sources has its flag and enables bits both set.
The IRQF bit in Register C is a "1" whenever the fRO pin is
being driven low.
The processor program can determine that the RTC initiated
the interrupt by reading Register C. A "1" in bit 7 (lRQF bit)
indicates that one or more interrupts have been initiated by
the part. The act of reading Register C clears all the then-
active flag bits, plus the IRQF bit. When the program finds
IRQF set, it should look at each of the individual flag bits in
the same byte which have the corresponding interrupt-
mask bits set and service each interrupt which is set. Again,
more than one interrupt-flag bit may be set.

Divider Stages
The CDP6818A has 22 binary-divider stages following the
time base as shown in Figure 1.The output of the dividers is
a 1 Hz signal to the update-cycle logic. The dividers are
controlled by three divider bits (DV2, DV1, and DVO) in
Register A.

Divider Control
The divider-control bits have three uses, as shown in Table
4. Three usable operating time bases may be selected
(4.194304 MHz, 1.048576 MHz, or 32.768 kHz). The divider
chain may be held at reset, which allows precision setting of
the time, when the divider is changed from reset to an
operating time base, the first update cycle is one-half
second later. The divider-control bits are also used to
facilitate testing the CDP6818A.

Square-Wave Output Selection
Fifteen of the 22 divider taps are made available to a 1-of-15
selector as shown in Figure 1.The first purpose of selecting
a divider tap is to generate a square-wave output signal at
the SQW pin. The RSO-RS3bits in Register A establish the
square-wave frequency as listed in Table 5. The SQW
frequency selection shares the 1-of-15 selector with periodic
interrupts.

Once the frequency is selected, the output of the SQW pin
may be turned on and off under program control with the
square-wave output selection bits, or the SQWE output-
enable bit may generate an asymmetrical waveform at the
time of execution. The square-wave output pin has a
number of potential uses. For example, it can serve as a
frequency standard for external use, a frequency
synthesizer, or could be used to generate one or more audio
tones under program control.

Periodic Interrupt Selection
The periodic interrupt allows the IRQ pin to be triggered
from once every 500 ms to once every 30.517 /is. The
periodic interrupt is separate from the alarm interrupt which
may be output from once per second to once per day.

Table 5 shows that the periodic interrupt rate is selected
with the same Register A bits which select the square-wave
frequency. Changing one also changes the other. But each
function may be separately enabled so that a program could
switch between the two features or use both. The SQW pin
is enabled by the SQWE bit in Register B. Similarly the
periodic interrupt is enabled by the PIE bit in Register B.

Periodic interrupt is usable by practically all real-time
systems. It can be used to scan for all forms of inputs from
contact closures to serial receive bits or bytes. It can be
used in multiplexing displays or with software counters to
measure inputs, create output intervals, or await the next
needed software function.

Update Cycle

The CDP6818A executes an update cycle once per second,
assuming one of the proper time bases is in place, the
DVO-DV2divider is not clear, and the SET bit in Register B is
clear. The SET bit in the "1" state permits the program to
initialize the time and calendar bytes by stopping an
existing update and preventing a new one from occurring.

The primary function of the update cycle is to increment the
second byte, check for overflow, increment the minutes
byte when appropriate and so forth through to the year of
the century byte. The update cycle also compares each
alarm byte with the corresponding time byte and issues an
alarm if a match or if a "don't care" code (11XXXXXX) is
present in all three positions.

With a4.194304 MHz or 1.048576MHz time base the update
cycle takes 248 /is while a 32.768 kHz time base update
cycle takes 1984 IJS. During the update cycle, the time,
calendar, and alarm bytes are not accessible by the
processor program. The CDP6818A protects the program
from reading transitional data. This protection is provided
by switching the time, calendar, and alarm portion of the
RAM off the microprocessor bus during the entire update
cycle. If the processor reads these RAM locations before
the update is complete, the output will be undefined. The
update in progress (UIP) status bit is set during the interval.

A program which randomly accesses the time and date
information finds data unavailable statistically once every
4032 attempts. Three methods of accommodating
nonavailability during update are usable by the program. In
discussing the three methods, it is assumed that at random
points user programs are able to call a subroutine to obtain
the time of day.

The first method of avoiding the update cycle uses the
update-ended interrupt. If enabled, an interrupt occurs
after every update cycle which indicates that over 999 ms
are available to read valid time and date information. During
this time a display could be updated or the information
could be transferred to continuously available RAM. Before
leaVingthe interrupt service routine, the IRQF bit in Register
C should be cleared.

The second method uses the update-in-progress bit (UIP)
in Register A to determine if the update cycle is in progress
or not. The UIP bit will pulse once per second. Statistically,
the UIP bit will indicate that time and date information is
unavailable once every 2032attempts. After the UIP bit goes
high, the update cycle begins 244 IJS later. Therefore, if a
low is read on the UIP bit, the user has at least 2441JS before
the time/calendar data will be changed. If a "1" is read in the
UIP bit, the time/calendar data may not be valid. The user
should avoid interrupt service routines that would cause the
time needed to reach valid time/calendar data to exceed
2441JS.

The third method uses a periodic interrupt to determine if
an update cycle is in progress. The UIP bit in Register A is
set high between the setting of the PF bit in Register C (see
Figure 15). Periodic interrupts that occur at a rate of greater
than tBue+ tue allow valid time and date information to be
read at each occurrence of the periodic interrupt. The reads
should be completed within (Tpi 72) + tBueto ensure that
data is not read during the update cycle.

To properly setup the internal counters for daylight savings
time operation, the user must set the time at least two
seconds before the rollover will occur. Likewise, the time
must be set at least two seconds before the end of the 29th
or 30th day of the month.
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DIVIDER BITS
TIME-BASE REGISTER A OPERATION DIVIDER BYPASS FIRST

FREQUENCY MODE RESET N-DIVIDER BITS
DV2 DV1 DVO

4.194304 MHz 0 0 0 Yes - N=O

1.048576 MHz 0 0 1 Yes - N=2

32.768 kHz 0 1 0 Yes - N=7

Any 1 1 0 No Yes -
Any 1 1 1 No Yes -

SELECT BITS 4.194304 or 1.048576 MHz 32.768 kHz
REGISTER A TIME BASE TIME BASE

PERIODIC SQW PERIODIC SQW
RS3 RS2 RS1 RSO INTERRUPT RATE OUTPUT INTERRUPT RATE OUTPUT

!P, FREQUENCY !P, FREQUENCY

0 0 0 0 None None None None

0 0 0 1 30.517 /IS 32.768 kHz 3.90625 ms 256 Hz

0 0 1 0 61.035/1S 16.384 kHz 7.8125 ms 128 Hz

0 0 1 1 122.070/IS 8.192 kHz 122.070/IS 8.192 kHz

0 1 0 0 244.141 /IS 4.096 kHz 244.141/1S 4.096 kHz

0 1 0 1 488.281 /IS 2.048 kHz 488.281/1S 2.048 kHz

0 1 1 0 976.562/1S 1.024 kHz 976.562/1S 1.024 kHz

0 1 1 1 1.953125 ms 512 Hz 1.953125 ms 512 Hz

1 0 0 0 3.90625 ms 256 Hz 3.90625 ms 256 Hz

1 0 0 1 7.8125 ms 128 Hz 7.8125 ms 128 Hz

1 0 1 0 15.625 ms 64 Hz 15.625 ms 64 Hz

1 0 1 1 31.25 ms 32 Hz 31.25 ms 32 Hz

1 1 0 0 62.5 ms 16 Hz 62.5 ms 16 Hz

1 1 0 1 125 ms 8 Hz 125 ms 8 Hz

1 1 1 0 250 ms 4 Hz 250 ms 4 Hz

1 1 1 1 500 ms 2 Hz 500 ms 2 Hz

UIP bit In

RegisterA ---------tBU-C -J---'r:chootuc

UF bit In I
RegisterC _

_ ~tPI+2 -J
~

_ tPI _ j.- tPI+2

PF bit In
RegisterC '-- --'

-j
~..•._---

tpi = PeriodicInterrupt TimeInterval1500ms.250ms. 125ms.62.5ms. etc. perTable5)
tUC= Update Cycle Time 1248"s or 1984"s)
tBUC= Delay Time Before Update Cycle1244"s) 92CS-42706

Fig. 15 - Update-anded and periodic Interrupt relationship.



REGISTERS

The COP6818A has four registers which are accessible to
the processor program. The four registers are also fully
accessible during the update cycle.

REGISTER A ($OA)

MSB

b7 b6 b5 b4 b3 b2 b1 bO

UIP OV2 OV1 DVO RS3 RS2 RS1 RSO

Readl
Write
Registe,
except
UIP

UIP

The update in progress (UIP) bit is a status flag that may be
monitored by the program. When UIP is a "1", the update
cycle is in progress or will soon begin. When UIP is a"0", the
update cycle is not in progress and will not be for at least
244 JJS (for all time bases). This is detailed in Table 6. The
time, calendar, and alarm information in RAM is fully
available to the program when the UIP bit is zero - it is not
in transition. The UIP bit is read-only bit, and is not affected
by Reset. Writing the SET bit in Register B to a "1" inhibits
any update cycle and then clears the UIP status bit.

UPDATE MINIMUM TIME
UIP TIME

CYCLE BEFORE
BIT BASE

TIME UPDATE·CYCLE
(OSC1)

(toe) (taue)

1 4.194304 MHz 248 JJS -
1 1.048576MHz 248 JJS -

1 32.768 kHz 1984 JJS -

0 4.194304 MHz - 244 JJS

0 1.048576 MHz - 244 JJS

0 32.768 kHz - 244 JJS

DV2, DV1, DVO

Three bits are used to permit the program to select various
conditions of the 22-stage divider chain. The divider
selection bits identify which of the three time-base
frequencies is in use. Table 4 shows that time bases of
4.194304 MHz, 1.048576MHz, and 32.768 kHz may be used.
The divider selection bits are also used to reset the divider
chain. When the time/calendar is first initialized, the program
may start the divider at the precise time stored in the RAM.
When the divider reset is removed, the first update cycle
begins one-half second later. These three read/write bits
are not affected by RESET.

RS3, RS2, RS1, RSO

The four rate selection bits select one of 15 tapes on the
22-stage divider, or disable the divider output. The tap
selected may be used to generate an output square wave
(SaW pin) and/or a periodic interrupt. The program may do
one of the follOWing: 1) enable the interrupt with the PIE bit,
2) enable the saw output pin with the SaWE bit, 3) enable
both at the same time at the same rate, or 4) enable neither
Table 5 lists the periodic interrupt rates and the square-
wave frequencies that may be chosen with the RS bits.
These four bits are read/write bits which are not affected by
RESET.

REGISTER B ($OB)

MSB

b7 b6 b5 b4 b3 b2 b1 bO

SET PIE AlE UIE SaWE OM 24/12 OSE

Read!
Write
Register

SET

When the SET bit is a "0", the update cycle functions
normally by advancing the counts once-per-second. When
the SET bit is written to a"1", any update cycle in progress is
aborted and the program may initalize the time and calendar
bytes without an update occurring in the midst of initalizing.
SET is a read/write bit which is not modified by RESET or
internal functions of the COP6818A.

PIE

The periodic interrupt enable (PIE) bit is a read/write bit
which allows th~eriodic-interrupt flag (PF) bit in Register
C to cause the IRa pin to be driven low. A program writes a
"1" to the PIE bit in orderto receive periodic interrupts at the
rate specified by the RS3, RS2, RS1, and RSO bits in
Register A. Azero in PIE blocks IRa from being initiated by
a periodic interrupt, but the periodic flag (PF) bit is still set
at the periodic rate. PIE is not modified by an internal
COP6818A functions, but is cleared to "0" by a RESET.

AlE

The alarm interrupt enable (AI E) bit is a read/write bit which
when set to a"1" permits the alarm flag (AF) bit in Register C
to assert IRa. An alarm interrupt occurs for each second
that the three times bytes equal the three alarm bytes
(including a "don't care" alarm code by binary 11XXX~
When the AI E bit is a "0", the AF bit does not initiate an IRa
signal. The RESET pin clears AlE to "0". The internal
functions do not affect the AIE bit.

UIE

The UIE (update-ended interrupt enable) bit is a read/write
bit which enables the update-end flag (UF) bit in Register C
to assert iRQ. The RESET pin going low or the SET bit going
high clears the UIE bit.

SaWE
When the square-wave enable (SaWE) bit is set to a "1" by
the program, asquare-wave signal at the frequency specified
in the rate selection bits (RS3 to RSO)appears on the saw
pin. When the SaWE bit is set to a zero the saw pin is held
low. The state of SaWE is cleared by the RESET pin. SaWE
is a read/write bit.

OM
The data mode (OM) bit indicates whether time and calendar
updates are to use binary or BCD formats. The OM bit is
written by the processor program and may be read by the
I'rogram, but is not modified by any internal functions or
RESET. A "1" in OM signifies binary data, while a "0" in OM
specifies binary-coded-decimal (BCD) data.
24/12

The 24/12 control bit establishes the format of the hours
bytes as either the 24·hour mode (a "1") or the 12·hour
mode (a "0"). This is a read/write bit, which is affected only
by software.
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increments from 1:59:59 AM to 3:00:00 AM. On the last
Sunday in October when the time ftrst reaches 1:59:59AM it
changes to 1:00:00AM. These special updates do not occur
when the DSE bit is a "0". DSE is not changed by any
internal operations or reset.

REGISTER C ($OC)

MSB

b7 b6 b5 b4 b3 b2 b1 bO

IRQF PF AF UF 0 0 0 0

Read-
Only

Register

IRQF

The interrupt request flag (IRQF) is set to a"1" when one or
more of the following are true:

PF=PIE="1"
AF=AIE="1"
UF=UIE="1"

i.e., IRQF = PFePIE+AFeAtE+UFeUIE

Any time the IRQF bit is a "1", the IRQ pin is driven low. All
flag bits are cleared after Register C is read by the program
or when the RESET pin is low.

PF

The periodic interrupt flag (PF) is a read-only bit which is
set to a "1" when a particular edge is detected on the
selected tap of the divider chain. The RS3 to RSO bits
establish the periodic rate. PF is set to a "1" independent of
the state of the PIE bit. PF being a"1" initiates anTRQ signal
and sets the IRQF bit when PIE is also a "1". The PF bit is
cleared by a RESET or a software read of Register C.

AF
A "1" in the AF (alarm interrupt flag) bit indicates that the
current time has matched the alarm time. A "1" in the AF
causes the IRQ pin togo low, and a"1"toappearin the IRQF
bit, when the AlE bit also is a "1". A RESET or a read of
Register C clears AF.

UF
The update-ended interrupt flag (UF) bit is set after each
update cycle. When the UtE bit is a "1", the"1" in UF causes
the IRQF bit to be a "1", asserting IRQ. UF is cleared by a
Register C read or a RESET.

b3 to bO

The unused bits of Status Register 1 are read as "O's".They
can not be written.

b7 b6 b5 b4 b3 b2 b1 bO

VRT 0 0 0 0 0 0 0

Read-
Only'

Register

VRT

The valid RAM and time (VRT) bit indicates the condition of
the contents of the RAM, provided the power sense (PS) pin
is satisfactorily connected, A "0" appears in the VRT bit
when the power-sense pin is low, The processor program
can set the VRT bit when the time and calendar are
initialized to indicate that the RAM and time are valid. The
VRT is a read only bit which is not modified by the RESET
pin. The VRT bit can only be set by reading Register 0,

b6 to bO

The remaining bits of Register 0 are unused. They cannot
be written, but are always read as "O's,"

TYPICAL INTERFACING

The CDP6818A is best suited for use with microprocessors
which generate an address-then-data multiplexed bus.
Figures 16and 17show typical interfaces to bus-compatible
processors. These interfaces assume that the address
decoding can be done quickly, However, if standard
metalgate CMOS gates are used, the CS setup time may be
violated, Figure 18 illustrates an alternative method of chip
selection which will accommodate such slower decoding.

The CDP6818A can be interfaced to single-chip
microcomputers (MCU) by using eleven port lines asshown
in Figure 19, Non-multiplexed bus microprocessors can be
interfaced with additional support.

There is one method of using the multiplexed bus CDP6818A
with non-multiplexed bus processors, The interface uses
available bus control signals to multiplex the address and
data bus together.

An example using either the MC6800, MC6802, MC6808, or
MC6809 microprocessor is shown in Figure 20, When the
CDP6818A is I/O mapped as shown in Figure 19and 20, the
AS and OS inputs should be left in a low state when the part
is not being accessed. Refer to the STBY pin description for
the conditions which must be met before STBY can be
recognized.

Figure 21 illustrates the subroutines which may be used for
data transfers in a non-multiplexed system, The subroutines
should be entered with the registers containing the following
data:

Accumulator A: The address of the RTC to be accessed.
Accumulator B: Write: The data to be written.
Read: The data read from the RTC.

The RTC is mapped to two consecutive memory locations
- RTC and RTC + 1 as shown in Figure 20.



8 Address/Data Multiplexed

Address Strobe

Data Strobe lEI

CDP6B05E2
Read/Write IR/WI

Interrupt Request IIRQI

8/5 Address

Other
Peripherals

and
Memory

cs iRO R/W OS AS ADo-AD7

RESET
,...-, 4. 194304
'---' MHz ITypl

• High-Speed Silicon-
Gate CMOS or TTL
Address Decoding

Fig. 16 - CDP6818A interfaced with Motorola compatible
multiplexed bus microprocessors.

8 Address/ Data 8 tJ)
tJ).J

Address Latch Enable IALE) ::::)CC
8085 lDffi

Read IRI Other I-:::E:
8048

-Q.
WntelWI Peripherals lD_

~ and Memory cltO::
Interrupt Request W

8049 Q.

8/4 Address 8/4

IT IRQ R/W OS AS ADO·AD7

RESET RESET

c:::J 4 194304
CDP681BA MHllTypl

VSS MOT

SQW

Fig. 17 - CDP6818A interfaced with competitor compatible
multiplexed bus microprocessors.



Interrupt Request IIRO)

Read/Write IR/WI

Address Strobe (AS)

Data Strobe IDS)

I
I
I
I
I
I
I
I
I
I
I -0-1

"- -- -- -------------
This illustrates the use of CMOS gating for address decoding.

Fig. 18 - CDP6818A interfeced with CDP6805E2 CMOS multip/exed
microprocessor with slow eddressing decoding.

CDP6818A
MOT VDD

MC3870
CDP6805 (; B SOW8021 a.. Address/ Data B ADO-AD7

STBY

I
I
I
L _

AS
DS
R/iN

Fig. 19· CDP6818A interfaced with the ports of A typical single
chip microcomputer.

(See STBY
Description)



MC6800,
MC6802, R/W
MC6808,

or
MC6809

C/)
C/)..J

READ STA RTC Generate AS and Latch Data from ACCA ;:)c(
LDAB RTC + 1 Generate DS and Get Data lXIffi
RTS 1-:1:-11.1XI_

WRITE STA RTC Generate AS and Latch Data from ACCA cl>a:w
STAB RTC + 1 Generate DS and Store Data 11.

RTS

(See STBY
Descriptioni

Fig. 21 - Subroutine for reading and writing the CDP6818A with a
non-multiplexed bus.



Features
• 24 Individual Programmed I/O Pins
• MOTEL Circuit for Bus Compatibility With Many

Micro processors
• Multiplexed Bus Compatible With CDP6805E2 and

Competitive Microprocessors
• Data Direction Registers for Ports A, Band C
• Reset Input to Clear Interrupts and Initialize Internal

Registers
• Four Port C I/O Pins May Be Used as Control Lines

~ Four Interrupt Inputs
~ Input Byte Latch
~ Output Pulse
~ Handshake Activity

• 15 Registers Addressed as Memory Locations
• Handshake Control Logic for Input and Output Peripheral

Operation
• Interrupt Output Pin
• 3V to 5.5V Operating VDD

,....,
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A02

AOO

AD<

A06
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RIW Conu.,.

IfE'm Inputs
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Description
The CDP6823 CMOS parallel interface (CPI)provides a
universal means of interfacing extemal signals with the
CDP6805E2 CMOS microprocessor and other multi-
plexed bus microprocessors.The unique MOTELcircuit
on chip allows direct interfacing to most industry CMOS
microprocessors,as well as many NMOS MPUs.

The CDP6823 CPI includes three bidirectional 8-bit
ports or 24 I/O pins. Each I/O line may be separatelyes-
tablished as an input or an output under program control
via data direction registers associated with each port.
Using the bit change and test instructions of the
CDP6805E2, each individual I/O pin can be separately
accessed. All port registers are read/write bytes to
accomodate read-modify-write instructions.

The CDP6823 is supplied in a 40 lead hermetic dual-in-
line sidebrazed ceramic package (D suffix), in a 40 lead
dual-in-Iine plastic package (E suffix) and in a 44 lead
plastic chip carrier package (Q suffix).

The CDP6823 is equivalent to and is a direct replace-
ment for the industry type MC146823.

Pinouts PACKAGE TYPES D AND E
TOP VIEW
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Ratings Symbol Value Unit
Supply Voltage VDD -0.3 to +8 V
All Input Voltages Vin VSS -05 to VDD+05 V
Current Drain per Pin Excluding

VDD and VSS I 10 mA
Operating Temperature Range TA -40 to +85 °C
Storage Temperature Range Tstg -55 to + 150 °C

This device contains circuitry to protect the
inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions betaken to
avoid application of any voltage higher than
maximum rated voltages to this high-im-
pedance circuit. For proper operation it is
recommended that V;" and Vout be con-
strained to the range Vss s (V;" or Vout) S
Vaa. Leakage currents are reduced and
reliability of operation is enhanced if unused
inputs are tied to an appropriate logic
voltage level (e.g., either Vssor Vaa).

Characteristics Symbol Value Unit
Thermal Resistance

50Ceramic Dual-In-Line
°JA °C/WPlastic Dual-In-Line 100

Plastic Chip-Carrier 70

Parameter Symbol Min Max Unit

Output Voltage IILoad:S10 p.AI VOL - 0.1 V
VOH VDD-01 - V

Output High Voltage
IILoad= -1.6 mAl ADO-AD7 VOH 4.1 VDD
IILoad= -0.2 mAl PAD-PA7, PCO-PC7 VOH 4.1 VDD V
IILoad = -0.36 mAl PBO-PB7 VOH 4.1 VDD

Output Low Voltage
IILoad= 1.6 mAl ADO-AD7, PBO-PB7 VOL VSS 0.4
IILoad=0.8 mAl PAO-PA7, PCO-PC7 VOL VSS 0.4 V
IILoad= 1 mAl IRQ VOL VSS 0.4

Input High Voltage, ADO-AD7, AS, DS, R/W, CE, PAO-PA7, PBO-PB7, PCO-PC7 VIH VDD-2.0 VDD V
RESET VIH VDD-08 VDD

Input Low Voltage IAII Inputsl VIL VSS 0.8 V

Quiescent Current - No dc Loads
IAII Ports Programmed as Inputs, All Inputs= VDD - 0.2 VI IDD - 160 p.A

Total Supply Current
(All Ports Programmed as Inputs, CE= VIL, tcyc= 1 p.sl IDD - 3 mA

Input Current, cr,AS, R/W, DS, m lin - ±1 p.A

Hi-Z State Leakage, ADO-AD7, PAO-PA7, PBO-PB7, PCO-PCl ITSL ±1O p.A

CMOS Equivalent
TestPoint~

For all outputs except IRQ .1
C

C=50 pF; All Ports I
= 130 pF; ADD-AD7

for VDD=5 V ± 10% =-

Pin Rl R2 C
ADO-AD7 2.55k 2k 130 pF
PAO-PAl, PCO-PC7 ~_k 4.32k 50 pF
PBO-PB7 11.5k 2.1k 50 pF

(f)
(f)..J
::lee
IDffi
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Ident.
Number Characteristics Symbol Min Max Unit

1 Cycle Time teye 1000 de ns

2 Pulse Width. DS/E Low or Rn/WR High PWEL 300 ns

3 Pulse Width. DS/E High or Rn/WR Low PWEH 325 - ns

4 Input Rise and Fall Time tr,tf - 30 ns

8 R/W Hold Time tRWH 10 - ns

13 R/W and cr Setup Time 8efore DS/ E tRWS 25 - ns
15 Chip Enable Hold Time tCH 0 - ns
18 Read Data Hold Time tDHR 10 100 ns
21 Write Data Hold Time tDHW 0 - ns
24 Muxed Address Valid Time to AS/ ALE Fall tASL 25 - ns
25 Muxed Address Hold Time tAHL 20 - ns
26 Delay Time DS/E to AS/ ALE Rise tASD 60 - ns
27 Pulse Width, AS/ ALE High PWASH 170 - ns
28 Delay Time, AS/ALE to DS/E Rise tASED 60 - ns
30 Peripheral Output Data Delay Time from DS/E or RD tDDR 20 240 ns
31 Peripheral Data Setup Time tDSW 220 - ns

ADO-
AD7

WRITE

ADO-
AD7

READ



WR IWrite Enable)
(RlWPin)

AD (Read Output Enable)
IDS Pin)

WR (Write Enablel
IR/W Pinl

ADO-AD7
IAddress/Data Busl



PARAMETER SYMBOL MIN MAX UNIT

Interrupt Response (Input Modes 1 and 3) tlRQR - 1.0 I1s

Delay, CA 1 (CB1) Active Transition to CA2 (CB2) High (Output Mode 0) tC2 - 1.0 I1s

Delay, CA2 Transition from Positive Edge of AS (Output Modes a and1) tA2 - 1.0 I1s

Delay, CD2 Transition from Negative Edge of AS (Output Modes a and 1) tB2 - 1.0 I1s

CA2/CB2 Pulse Width (Output Mode 1) tpw 0.5 1.5 I1s

Delay, VDD Rise to RESET High tRLH 1.0 - I1s

Pulse Width, RESET tRW 1.0 - I1s

CA1~

CA2 --' f:=::----------
"'" ',"Q '9 _

r Read Pl DA/Write P1DS Cycle

CA1ICS1 ~ _

~ tC2



GENERAL DESCRIPTION
The CDP6823, CMOS parallel interface (CPI), contains 24
individual bidirectional I/O lines configured in three 8-bit
ports. The 15 internal registers, which control the mode of
operation and contain the status of the port pins, are
accessed via an 8-bit multiplexed address/data bus. The
lower four address bits (ADO-AD3) of the multiplexed
address bus determine which register is to be accessed (see
Register Address Map shown below). The four address bits
(AD4, AD5, AD6, and AD7) must be separately decoded to
position this memory map within each 256-byte address
space available via the 8-bit multiplexed address bus. For
more detailed information, refer to REGISTER DESCRIP-
TION.

Port A Data. Clear CA1 Interrupt PlDA

Port A Data, Clear CA2 Interrupt P2DA

Port A Data PDA

Port B Data PDB

Port C Data PDC

Not Used -
Data Direction Register for Port A DDRA

Data Direction Register for Port B DDRB

Data Direction Register for Port C DDRC

Control Register for Port A CRA

Control Register for Port B CRB

Pin Function Select Register for Port C FSR

Port B Data, Clear CB1 Interrupt PlDB

Port B Data. Clear CB2 Interrupt P2DB

Handshake/lnterrupt Status Register HSR

Handshake Over-Run Warning Register HWR

The CPI is implemented with the MOTEL circuit which
allows direct interface with either of the two major multi-
plexed microprocessor bus types. A detailed description of
the MOTEL circuit is provided in the MOTEL section.

6800 Family
MPU Signals

Competitor Type
MPU Signals

CDP6823
Pin Signals

Three data direction registers (DDRs), one for each port,
determine which pins are outputs and which are inputs. A
logic zero on a DDR bit configures its associated pin as an
input; and a logic one configures the pin as an output. Upon
reset, the DDRs are cleared to logic zero to configure all
port pins as inputs.
Actual port data may be read or written via the port data
registers (PDA, PDB, and PDC). Ports A and B each have
two additional data registers (P1DA and P2DA - P1DB and
P2DB) which are used to clear the associated hand-
shake/interrupt status register bits (HSA1and HSA2 - HSB1
and HSB2), respectively. Port A may also be configured as
an 8-bit latch when used with CA1. Reset has no effect on
the contents of the port data registers. Users are advised to
initialize the port data registers before changing any port
pin to an output.
Four pins on port C (PC4/CA 1, PC5/CA2, PC6/CB1, and
PC7/CB2) may additionally be programmed as handshake
lines for ports A and B via the port C function select register
(FSR). Both ports A and B have one input-only line and one
bidirectional handshake line each associated with them.
The handshake lines may be programmed to perform a
variety of tasks such as interrupt requests, setting flags,
latching data, and data transfer requests and/or acknow-
ledgments. The handshake functions are programmed via
control registers A and B (CRA and CRB). Additional
information may be found in PIN DESCRIPTIONS,
REGISTER DESCRIPTION, or HANDSHAKE OPERATION.
MOTEL
The MOTEL circuit is a concept that permits the CDP6823
to be directly interfaced with different types of multiplexed
bus microprocessors without any additional external logic.
For a more detailed description of the multiplexed bus, see
MULTIPLEXED BIDIRECTIONAL ADDRESS/DATA BUS
(ADO-AD7). Most multiplexed microprocessors use one of
two synchronous busesto interface peripherals. An industry
standard bus structure is now available.
The MOTEL circuit is built into peripheral and memory ICs
to permit direct connection to either type of bus. The
MOTEL concept is shown logically in Fig. 7.
The microprocessor type is automatically selected by the
MOTEL circuit through latching the state of the DS/Rl) pin
with AS/ALE. Since DS is always low during AS and AD is
always high during ALE, the latch automatically indicates
with which type microprocessor bus it is interfaced.

Internal
Signals

tJ)
tJ)..J
::::Ice
IDffi...:r:-0.ID_
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CDP6823 . ....~ ..__ .._ .... \'" "",
competitor mode of MOTEL). Bus cycles which take place
without asserting CE cause no actions to take place within
the COP6823.When ITis high, the multiplexed bus output
is in a high-impedance state.
When TI is high, all data, OS, and RM inputs from the
microprocessor are disconnected within the COP6823.This
permits the COP6823 to be isolated from a powered-down
microprocessor.
Reset TAESE't)
The RESET input pin is an active-low line that is used to
restore all register bits, except the port data register bits, to
logical zeros. After reset, all port lines are configured as
inputs and no interrupt or handshake lines are enabled.
Interrupt Request ~
The fRO output line is an open-drain active-low signal that
may be used to interrupt the microprocessor with a service
request. The "open-drain" output allows this and other
interrupt request lines to be wire ORed with a pullup
resistor. The n:!C:llineis low when bit 7 of the status register
is high. Bit 7 (IRQF) of the handshake/interrupt status
register (HSR) is set if any enabled handshake transition
occurs; and its associated control register bit is set to allow
interrupts. Refer to INTERRUPT DESCRIPTION or HAND-
SHAKE OPERATION for additional information.
Port A, BIdirectional I/O Lines (PAO-PA7)
Each line of port A, PAO-PA7,is individually programmable
as either an input or output via its data direction register
(DORA). An I/O pin isan input when its corresponding OOR
bit is a logic zero and an output when the OOR bit is a logic
one. See Fig. 8 for typical I/O circuitry and Table 1 for I/O
operation.

Multiplexed Bidirectional Address/Data Bus (ADO-AD7)
Multiplexed bus processors save pins by presenting the
address during the first portion of the bus cycle and using
the same pins during the second portion of the bus cycle for
data. Address-then-data mUltiplexing does not slow the
access time of the COP6823 since the bus reversal from
address to data is occurring during the internal register
access time.
The address must be valid tASLprior to the fall of AS/ALE at
which time the COP6823 latches the address present on the
AOO-A03 pins. Valid write data must be presented and held
stable during the latter portion of the OS or wrf pulses, In a
read cycle, the COP6823 outputs eight bits of data during
the latter portion of the OS or RO pulses, then ceases
driving the bus (returns the output drivers to high im-
pedance) tOHRhold time after OSfalls in this case of MOTEL
or Rb rises in the other case.
Address Strobe (AS)
The address strobe input pulse serves to demultiplex the
bus. The falling edge of AS or ALE causes the addresses
AOO-A0310 be latched within the COP6823.The automatic
MOTEL circuit in the COP6823 also latches the state of the
OS pin with the falling edge of AS or ALE.
Data Strobe or Read (OS)
The OS input pin has two interpretations via the MOTEL
circuit. When generated by a Motorola microprocessor, OS
is a positive pulse during the latter portion of the bus cycle,
and is variously called OS (data strobe), E (enable), or </>2
(</>2clock). During read cycles, OS or I1D signifies the time
that the CPI is to drive the bidirectional bus. In write cycles,
the trailing edge of OS or rising edge of WR causes the
parallel interface to latch the written data present on the
bidirectional bus.
The second MOTEL interpretation of OS is that of RD,
~, orlRJR originating from a competitor-type micro
processor. In this case, OS identifies the time period when
the parallel interface drives the bus with read data. This
interpretation of OS is also the same as an output-enable
signal on a typical memory.
The MOTEL circuit, within the COP6823,latches the state of
the OS pin on the falling edgeof AS/ALE. When the mode of
MOTEL is desired OS must be low during AS/ALE, which is
the case with the mUltiplexed bus microprocessors. To
insure the competitor mode of MOTEL, the OS pin must
remain high during the time AS/ALE is high.

Read/Write (R/W)
The MOTEL circuit treats the R/W input pin in one of two
ways. The microprocessor is connected, RM is a level
which indicates whether the current cycle is a read or write.
A read cycle is indicated with a high level on R/W while OS is
high, whereas a write cycle is a low on RlW while OS is high.

The second interpretation of R/W is as a negative write
pulse, wrl, ~, andTlOW"from competitor-type micro
processors. The MOTEL circuit in this mode gives the R/W
pin the same meaning as the write (W) pulse on many
generic RAMs.

DDR
R/W Bit Results

0 0 The 1/0 pin is in input mode. Oata is written into the
output data latch.

0 1 Oata is written into the output data latch and out-
put to the 1/0 pin.

t 0 The state of the 1/0 pin is read.
1 t The 1/0 pin is in an output mode. The output

data latch is read.

There are three data registers associated with port A: POA,
P10A, and P20A. P10A and P20A are accessed when
certain handshake activity is desired. See HANDSHAKE
OPERATION for more information.
Data written to the port A data register, POA, is latched into
the port A output latch regardless of the state of the DORA.
Data written to P1OA or P20A is ignored and has no affect
upon the output data latch or the I/O lines. An MPU read of
port bits programmed as outputs reflect the last value
written to the POA register. Port A pins programmed as
inputs may be latched via the handshake line PC4/CA1 {see
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HANDSHAKE OPERATION) and latched input data may be
read via any of the three port A data registers. If the port A
input latch feature is not enabled, an MPU read of any port A
data register reflects the current status of the port A input
pins if the corresponding DDRA bits equal zero. Reset has
no effect upon the contents of the port A data register;
however, all pins will be placed in the input mode (all DDRA
bits forced to equal zero) and all handshake lines will be
disabled.
Port B Bidirectional I/O Lines (PBO-PB7)
Each line of port B, PBO-PB7,is individually programmable
as either an input or an output via its data direction register
(DDRB). An I/O pin is an input when its correspondirig DDR
bit is a logic zero and an output when the DDR bit is a logic
one.
There are three data registers associated with port B: PDB,
P1DB, and P2DB. PDB is used for simple port B data reads
and writes. P1DB and P2DB are accessed when certain
handshake activity is desired. See HANDSHAKE OPERA-
TION for more information.
Data written to PDB or P1DB data register is latched into the
port B output latch regardless of the state of the DDRB. An
MPU read of port bits programmed as outputs reflect the
last value written to a port B data register. An MPU read of
any port B register reflects the current status of the input
pins whose DDRB bits equal zero. Reset has no effect upon
the contents of the port B data register; however, all pins will
be placed in the input mode (all DDRB bits forced to equal
zero) and all handshake lines will be disabled.
Port C, Bidirectional I/O Lines (PCO-PC3)
Each line of port C, PCO-PC3,is individually programmable
as either an input or an output via its data direction register
(DDRC). An I/O pin is an input when its corresponding DDR
bit is a logic zero and an output when the DDR bit is a logic
one. Port C data register (PDC) is used for simple port C
data reads and write"'_
Data written into PDC is latched into the port C data latch
regardless of the state of the DDRC. An MPU read of port C
bits programmed as outputs reflect the last value written to
the PDC register. An MPU read of the port C register reflects

the current status of the corresponding input pins whose
DDRC bits equal zero. Reset has no effect upon the
contents of the port C data register; however, all pins will be
placed in the input mode (all DDRC bits forced to equal
zero) and all handshake lines will be disabled.
Port C Bidirectional I/O Line or Port A Input Handshake
Line (PC4/CA1)
This line may be programmed as either a simple port C I/O
line or asa handshake line for port A via the port C function
select register (FSR). If programmed as a port C I/O pin,
PC4/CA 1 performs as described in the PCO-PC3 pin
description. If programmed as a port A handshake line,
PC4/CA1 performs as described in HANDSHAKE OPERA-
TION.
Port C Bidirectional I/O Line or Port A Bidirectional
Handshake Line (PC5/CA2)
This line may be programmed as either a simple port C I/O
line or as a handshake line for port A via the port C function
select register (FSR). If programmed as a port C I/O pin,
PCS/CA2 performs as described in the PCO-PC3 pin
description. If programmed as a port A handshake line,
PCS/CA2 performs as described in HANDSHAKE OPERA-
TION.
Port C Bidirectional I/O Line or Port B Input Handshake
Line (PC6/CB1)
This line may be programmed as either a simple port C I/O
line or as a handshake linefor port B via the port C function
select register (FSR). If programmed as a port C I/O pin,
PCS/CB1 performs as described in the PCO-PC3 pin
description. If programmed as a port B handshake line,
PCS/CB1 performs as described in HANDSHAKE OPERA-
TION.
Port C Bidirectional I/O Line or Port B
Bidirectional Handshake Line (PC7/CB2)
This line may be programmed as either a simple port C I/O
line or as a handshake line for port B via the port C function
select register (FSR). If programmed as a port C I/O line,
PC7/CB2 performs as described in the PCO-PC3 pin
description. If programmed as a port B handshake line,
PC7/CB2 performs as described in HANDSHAKE OPERA-
TION.
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HANDSHAKE OPERATION
Up to four port C pins can be configured as handshake lines
for ports A and B (one input-only and one bidirectional line
for each port) via the port C function select register (FSR).
The direction of data flow for the two bidirectional hand-
shake lines (CA2 and CB2) is determined by bits 5 and 7,
respectively, of the port C data direction register (DDRC).
Actual handshake operation is defined by the appropriate
port control register (CRA or CRB).
The control registers allow each handshake line to be
programmed to operate in one of four modes. CA2 and CB2
each have four input and four output modes. For detailed
information, see Tables 2 and 3.
A summary of the handshake modes is given in the input
and output sections that follow. All handshake activity is
disabled by reset.
Input
Handshake lines programmed as inputs operate in any of

four different modes as defined by the control registers (see
Table 2). A bit in the handshake/interrupt status register
(HSR) is set to a logic one on an active transition of any
handshake line programmed as an input. Modes 0 and 1
define a negative transition as active; modes 2 and 3 define a
positive transition as active. If modes 1or 3 are selected on
any input handshake line then the active transition of that
line results in the IRQF bit of the H.§£Lbeing set to 1!J2.gic
one and causes the interrupt line (IRQ) to go low. IRQ is
released by clearing the HSR bits that are input handshake
lines which have interrupts enabled.
If an active transition occurs while the associated HSR bit is
set to a logic one, the corresponding bit in the handshake
warning register (HWR) is set to a logic one indicating that
service of at least one active transition was missed. An HWR
bit iscleared to a logic zero by first accessing the appropriate
port data register, to clear the appropriate HSR status bit,
followed by a read of the HWR.

Control Active Status Bit
Mode Register Bits* Edge In HSR IRQ Pin

0 00 - Edge Set high on Disabled
active edge.

1 01 Edge Set high on Goes low when corresponding
active edge. status flag in HSR goes high.

2 10 + Edge Set high on Disabled
active edge.

3 11 + Edge Set high on Goes low when corresponding
active edge. status flag in HSR goes high.

Control
Registar
CRA(B)

Bits Default
Mode 3 and 4* Handshake Lina Set High Handshaka Line Cleered Low Level

0 00 Handshake set high on active Read of P1DA or a read of P2DA High
transition of CA1 input. while HSA1 is cleared.

Handshake set high on active Write of port B P1DB or write
transition of CB1 input. of P2DB while HSB1 is cleared.

1 01 High on the first positive Low on the first positive High
Inegative) transition of AS Inegative) transition on AS fol-
while CA2 (CB2) is low. lowing a read (write) of port

AIB) data registers P1DAIB) or
P2DAIBI.

2 10 Never Always Low
3 11 Always Never High



Input Latch
Port A input-only handshake line (PC4/CA 1) can be
programmed to function as a latch enable for port A input
data via CA1 LE (bit2 ofCRA).lfCA1 LE is programmed to a
logic one, an active transition of PC4/CA 1 will latch the
current status of the port A input pins into all three port A
data registers (PDA, P1DA, and P2DA). When CAlLE is
enabled, port A and PC4/CA 1 function as an 8-bit trans-
parent latch; that is, if the HSA1 bit in the HSR is a logic zero
then a read of any port A register reflects the current state of
the port A input pins and corresponding bits of the output
data latch for port A output pins. If HSA1 is a logic one, a
read of any port A data register reflects the state of the port
A input pins when HSA1was set and the corresponding bits
of the port A output data latch for port A output pins.
Further transitions of PC4/CA 1 result only in setting the
HWA1 bit in the HWR and do not relatch data into the portA
registers. Latched data is released only by clearing HSA1 in
the HSRto a logic zero (HSA1 is cleared by reading P1DA).
Output
Each bidirectional handshake line programmed as an
output by the DDRC operates in one of four modes as
described in Table 3. Modes 2 and 3 force the output
handshake line to reflect the state of bit 4 in the appropriate
control register.
In modes 0 and 1, PCS/CA2 is forced low during the cycle
following a read of P1DA or a read of P2DA while HSA1 is
cleared. PC7/CB2 is forced low during the cycle following a
write to P1DB or a write to P2DB while HSB1 is cleared.
Because of these differences, port A is the preferred input
port and port B is the preferred output port.
In mode 0, PCS/CA2 (PC7/CB2) is set high by an active
transition of PC4/CA1 (PC6/CB1). In mode 1, PCS/CA2
(PC7/CB2) is set high in the cycle following the cycle in
which PCS/CA2 (PC7/CB2) goes low. Mode 1 forces a low-
going pulse on PCS/CA2 (PC7/CB2) following a read
(write) of P1DA (P1DB) or P2DA (P2DB) that is approxi-
mately one cycle time wide.
When entering an output handshake mode for the first time
after a reset, the handshake line outputs the default level as
listed in Table 3.

INTERRUPT DESCRIPTION
The CDP6823 allows an MPU interrupt request (IRQ low)
via the input handshake lines. The input handshake line,
operating in modes 1or 3 asdefined by the control registers
(CRA and CRB), causesmato go low when IRQF (interrupt
flag) in the HSR is set to a logic one.IRQ is released when
IRQF is cleared. See Handshake/Interrupt Status Register
under REGISTER DESCRIPTION for additional information.

REGISTER DESCRIPTION
The CDP6823 has lS registers (see Fig. 1) which define the
mode of operation and status of the port pins. The following
paragraphs describe these registers.
Register Names:

Control Register A (CRA)
Control Register B (CRB)

Register Addresses:
$9 (CRA)
$A (CRB)

x X X
CA2 CAl CAl

Mode LE Mode

CB2 CBl
X X X Mode X Mode

Purpose:
These two registers control the handshake and interrupt
activity for those pins defined as handshake lines by the
port C function select register (FSR).
Description:
CA2 and CB2 are programmed as inputs or outputs via the
associated DDRC bits. Each handshake line is controlled by
two mode bits. Bit 2 of CRA enables the Port A latch for an
active CA1transition. Table 2 describes the input handshake
modes (CA1, CB1, CA2, CB2) and Table 3 describes the
output handshake modes for CA2 and CB2.

Register Names:
Port A Data Registers (PDA, P1DA, P2DA)

Register Addresses:
$2 (PDA), $0 (P1DA), $1 (P2DA)

Register Bits:

7 6

I Bit 7 I Bit 6

5 4 3 2

Bit5~Bit2

1 0

Bit 1 I Bit 0 I

Purpose:
These th ree registers serve different purposes. PDA is used
to read input data and latch data written to the port A output
pins. P1DA and P2DA are used to read input data and to
affect handshake and status activity for PC4/CA 1 and
PCS/CA2. If enabled, port A input data may be latched into
the three port A data registers on an active PC4/CA1
transition as described in HANDSHAKE OPERATION.
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Description:
Data written into PDA is latched into the portA output latch
(see Fig. 3) regardless of the state of DDRA. Output pins, as
defined by DDRA, assume the logic levels of the cor-
responding bits in the PDA output latch. The PDA output
latch allows the user to read the state of the port A output
data. If the input latch is not enabled, a read of any port A
data register reflects the current state of the port A input
pins as defined by DDRA and the contents of the output
latch for output pins. Writes into P1DA or P2DA have no
effect upon the output pins or the output data latch. Users
are recommended to initialize the port A output latch before
changing any pin to an output via the DDRA.
MPU accesses of P1DA or P2DA are primarily used to affect
handshake and status activity. A summary of the effects on
the status and warning bits of port A data register accesses
is given in Table 4. For more information, seeHANDSHAKE
OPERATION and Control Register A (CRA) under REG-
ISTER DESCRIPTION. Reset has no effect upon the
contents of any port A data register.

Register Names:
Port B Data Registers (PDB, P1DB, P2DB)

Register Addresses:
$3 (PDB), $C (P1DB), $D (P2DB)

Register Bits:
7 6 5 4 3 2

~Bit4 Bit3 Bit2 Bitl

o
Bit 0 I

Purpose:
These three registers serve different purposes. The Port B
data registers are used to read input data and to latch data
written to the port B output pins. Writes to PDB and P1DB
affect the contents of the output data latch while writes to
P2DB do not affect the output data latch. P1DB and P2DB
accesses additionally affect handshake and status activity
for PC6/CB1 and PC7/CB2.
Description:
Data written into PDB and P1DB port B registers is latched
into the port B output latch (see Fig. 3) regardless of the
state of DDRB. Output pins, as defined by DDRB, assume
the logic levels of the corresponding bits in the port B
output latch. Reads of any port B data registers reflect the
contents of the output data latch for output pins and the
current state of the input pins (as determined by DDRB).
Users are recommended to initialize the port B output latch
before changing any pin to an output via the DDRB.

MPU accesses of P1DB or P2DB are primarily used to affect
handshake and status activity. A summary of the effects on
status and warning register bits of port B data register
accesses is given in Table 5. For more information, see
HANDSHAKE OPERATION or Control Register B (CRB)
under REGISTER DESCRIPTION. Reset has no effect upon
the contents of any port B data register.

Register Output Latch

Accessed HSR Bit HWR Bit Handshake Reaction Read Write

PDA None None None Yes Yes

P1DA HSA 1 cleared HWAl loaded CA2 goes low if output modes Yes No
to a logic into buffer o or 1 are selected in the CRA.
zero. latch.

P2DA HSA2 cleared HWA2 loaded CA2 goes low if output modes Yes No
to a logic into buffer o or 1 are selected in the CRA.
zero. latch.

TABLE 5 - SUMMARY OF EFFECTS ON HANDSHAKE STATUS, WARNING BITS,
AND OUTPUT LATCH BY PORT B DATA REGISTER ACCESSES

Register Output Latch
Accessed HSR Bit HWR Bit Handshake Reaction Read Write

PDB None None None Yes Yes
P1DB HSBl cleared HWBl loaded CB2 goes low if output modes Yes Yes

to a logic into buffer o or 1 are selected in the CRB.
zero. latch.

P2DB HSB2 cleared HWA2 loaded CB2 goes low if output modes Yes No
to a logic into buffer o or 1 are selected in CRB.
zero. latch.



Register Name:
Port C Data Register (PDC)

Register Address:
$4

Register Bits:

7 6 5 4 3

~IBit2

o
Bit 1 I Bit 0 I

Purpose:
The port C data register (PDC) is used to read input data
and to latch data written to the output pins.
Description:
Data is written into the port C output latch (see Fig. 3)
regardless of the state of DDRC.Any port C pin defined asa
handshake line by the port C function select register (FSR)
is not affected by PDC. Output pins, as defined by DDRC,
assume logic levels of the corresponding bits in the port C
output latch. A read of PDC reflects the contents of the
output latch for output pins and the current state of the
input pins (as reflected in the DDRC). Reset has no effect
upon the contents of PDC. Users are recommended to
initialize the port C output data latch before changing any
pin to an output via the DDRC.

Register Name:
Data Direction Register for Port A (B) (C)

Register Address:
$6 ($7) ($8)

Register Bits:

7 6 5 4 3 2

I Bit 7 I Bit 6 Bit 5 I Bit 4 I Bit 3 Bit 2
o

Bit 1 I Bit 0 I
Purpose:
Each of the three data direction registers (DORA, DDRB,
and DDRC) define the direction of data flow of the port pins
for ports A, B, and C.
Description:
A logic zero in a DDR bit places the corresponding port pin
in the input mode. A logic one in a DDR bit places the
corresponding pin in the output mode. Any port C pins
defined as bidirectional handshake lines also usethe port C
DDR (DDRC). Input-only handshake lines are not affected
by DDRC. Resetclears all DDR bits to logic zero configuring
all port pins as inputs. The DDRs have no write-inhibit
control over the port data output latches. Data may be
written to the port data registers even though the pins are
configured as inputs.

Register Name:
Port C Pin Function Select Register (FSR)

Register Address:
$B

Register Bits:

7 6 5 4 3

I CFB2 I CFB1 I CFA2 I CFA 1 I xx

Purpose:
The port C pin function select register defines whether the
multifunction port C pins are to operate as "normal" port C
lines or as handshake lines.
Description:

A logic zero in any FSRbit defines the corresponding port
C pin as a "normal" I/O pin. A logic one in any valid FSRbit
defines the corresponding port C pin as a handshake line.
Pins defined as handshake lines function according to the
contents of control register A (CRA) or control register B
(CRB). The port C data direction register (DDRC) is valid
regardless of FSRcontents for all pins except PC4/CA1and
PC6/CB1. Transitions on port C pins not defined as
handshake pins do not effect the handshake/interrupt
status register. Reset clears all FSR bits to a logic zero.
Users are recommended to initialize the data direction and
control registers before modifying the FSR.

Register Name:
Handshake/Interrupt Status Register (HSR)

Register Address:
$E

Register Bits:

7654 3 210

~ HSB21 HSA21 HSBl I HSA11

Purpose:
The handshake interrupt status register is a read-only flag
register that may be used during a polling routine to
determine if any enabled input handshake transition, as
defined by the control register (CRA and CRB), has
occurred.
Description:
If an enabled input handshake transition occurs then the
appr:2£.'"iateHSR bit (HSB2, HSA2, HSB1, or HSA1) is set.
The ffiO flag bit (bit 7,IRQF) is set when one or more of the
HSR bits 0-3 and their corresponding control register bits
are set to a logic one as shown in the following equation:

Bit 7=IRQF=[HSB2.CRB2(3)]+[HSA2.CRA2(3)]
+[HSB1.CRB1 (O)]+[HSA1.CRA1(0)]

The numbers in ( ) indicate which bit in the control register
enables the interrupt.
Handshake/interrupt status register bits are cleared by
accessing the appropriate port data register. The following
table lists the HSR bit and the port data register that must be
accessed to clear the bit.

To Clear
HSR Bit

HSB2.
HSA2
HSB1.
HSAl

Access
Register

. ..... P2DB
.. P2DA

.. . P1DB
.... P1DA

Resetclears all handshake/interrupt status register bits to a
logic zero.
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Register Bits:

7 6

I xx I xx
4 3 2 1 0

xx IHWB2IHWA2IHWB1IHWA11

Purpose:
The warning register is a read-only flag register that may be
used to determine if a second attempt to set a hand-
shake/interrupt status register bit hasbeen madebefore the
original had been serviced.
Description:
Each bit in the handshake/interrupt status register, except
IRQF, has a corresponding bit in the handshake warning
register. If an attempt is made to set a bit in the
handshake/interrupt status register that is already set, then
the corresponding bit in the handshake warning register is
also set. An attempt is the occurrence of any enabled input
handshake transition as defined by the control registers.
A handshake warning register bit is cleared by first reading
the appropriate data register then reading the handshake
warning register. Reading the data register (either P1DA,
P2DA, P1DB, or P2DB) loads a buffer latch with the proper
bit in the handshake warning register (HWA1, HWA2,
HWB1, and HWB2, respectively). The next read of the
handshake warning register clears the appropriate bit

,~au,,,~ ,,,,,,,,,,,usnaKeWarnlngregister, then the handshake
warning register bits will remain unaffected. Resetclears all
HWR bits to a logic zero.

Recommended status register handling sequence:
1. Read status (User determines which if any

register enabled handshake transition
occurred)

2. Read/write port (Clears associated status bit and
data indicated by latches appropriate warning
status register register bit in the buffer latch)

3. Read warning (Latched warning bit is cleared
register and the remaining bits are

unaffected)

TYPICAL INTERFACING
The CDP6823 is best suited for use with microprocessors
which generate an address-then-data-multiplexed bus. Fig.
9 shows the CDP6823 in a typical CMOS system that uses
the CDP6805E2 CMOS MPU. Other multiplexed micro-
processors can be used as easily.
A single-chip microcomputer (MCU) may be interfaced
with 11 port lines as shown in Fig. 10. This interface also
requires some software overhead to gain up to 13additional
I/O lines and the CDP6823 handshake lines.

CDP6818
Real-Time Clock

Plus RAM CDP655161 !CDP65516! CDP65516
16K ROM 16K ROM 16K ROM

Clock I 3 8 3 a 5 3 a 5 3 a 5

Bus Control 3

Mux Addr/Data a "",0
LU~ High Addr 5",Ql0<.><0O Interrupt"'~0..0.of:?

ResetO·~::>
Chip

Enables

a 3 a 3
74HC138

5 Decoder a
CDP6a23 CDP6823

CMOS Parallel Interface CMOS Parallel Interface

An a-Chip CMOS Microprocessor System Includes:

fa 1a 1a 1a ia faa a
a-Bit Microprocessor
6K Bytes of ROM
162 aytes of RAM
64 Parallel I/O Pins
RTC Function
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;II HARRIS CDP6853
CMOS Asynchronous Communications

Interface Adapter (ACIA) with MOTEL Bus

• Compatible With 8-Bit Microprocessors

• Multiplexed Address/Data Bus (MOTEL Bus)

• Full Duplex Operation With Buffered Receiver and Transmitter

• Data Set/Modem Control Functions

• Internal Baud Rate Generator with 15 Programmable Baud Rates (50
to 19,200)

• Operates at Baud Rates Up to 250,000 Via Proper Crystal or Clock
Selection

• Program-Selectable Internally or Externally Controlled Receiver Rate

• Programmable Word Lengths, Number of Stop Bits, and Parity Bit
Generation and Detection

• Programmable Interrupt Control

• Program Reset

• Program-Selectable Serial Echo Mode

• Two Chip Selects

• One Chip Enable

• Single 3V to 6V Power Supply

• Full TTL Compatibility

• 4MHz or 1MHz Operation
(CDP6853-4, CDP6853, Respectively)

Description
The CDP6853 Asynchronous Communications Interface
Adapter (ACIA) provides an easily implemented. program
controlled interface between 8 bit microprocessor-based
systems and serial communication data sets and
modems.

The CDP6853 has an internal baud rate generator. This
feature eliminates the need for multiple component support
circuits. a crystal being the only other part required. The
Transmitter baud rate can be selected under program
control to be either 1 of 15 different rates from 50 to 19.200
baud. or at 1/16 times an external clock rate. The Receiver
baud rate may be selected under program control to be
either the Transmitter rate. or at 1/16 times an external
clock rate. The CDP6853 has programmable word lengths
of 5. 6. 7. or 8 bits; even. odd, or no parity; 1, 1'h. or 2 stop
bits.

The CDP6853 is designed for maximum programmed
control from the CPU, to simplify hardware implementation.
Three separate registers permit the CPU to easily select the
CDP6853 operating modes and data checking parameters
and determine operational status.

RtW

cso 2
CST 3

RES ••
R,C

XTLI
XTLO

m
fIT
T.O 10

nil "

"CE 13

Yss 14

28 VDD

21 DS

26 m

" D1

2' D8

" D.

22 D4

21 D'

2D D2

"
ADI

18 ADO

11 "'"
"

m;
10 AS

The Command Register controls parity, receiver echo
mode, transmitter interrupt control. the state of the RTS line,
receiver interrupt control, and the state of the DTR line.

The Control Register controls the number of stop bits, word
length. receiver clock source. and baud rate.

The Status Register indicates the states of the IRQ. DSR,
and DCD lines, Transmitter and Receiver Data Registers,
and Overrun. Framing and Parity Error conditions.

The Transmitter and Receiver Data Registers are used for
temporary data storage by the CDP6853 Transmit and
Receiver circuits.

The MOTEL Bus allows interfacing to 6805 and 8085 type
multiplexed address data bus.

The CDP6853, CDP6853-2, and CDP6853-4 are capable
of interfacing with microprocessors with cycle times of
1MHz, 2MHz. and 4MHz. respectively.

The CDP6853 is supplied in 28 lead, hermetic, dual-in-Iine
sidebrazed ceramic (D suffix) and in 28 lead, dual-in-line
plastic (E suffiX) packages.



MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Voo)
(Voltage referenced to Vss terminal) ...............................•..•................................................. -0.5 to +7 V
INPUT VOLTAGE RANGE, ALL INPUTS ·.·············· -0.5 to Voo +0.5 V
DC INPUT CURRENT, ANY ONE INPUT ..................•..•............................................................. ±10 mA
POWER DISSIPATION PER PACKAGE (Po):

ForT.=-40to +60·C (PACKAGE TYPE E) ..........................•..................................................... 500 mW
For T.=+60 to +85· C (PACKAGE TYPE E) .................•........•........................ Derate Linearly at 8 mW/· C to 300 mW
For T.=-55 to +100·C (PACKAGE TYPE D) .............................................•................................. 500 mW
For T.=+1 00 to 125· C (PACKAGE TYPE D) Derate Linearly at 8 mWfOC to 300 mW

DEVICE DISSIPATION PER OUTPUT TRANSISTOR
For T.=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .............................•...................... 100 mW

OPERATING-TEMPERATURE RANGE (T.):
PACKAGE TYPE D ..................................................................•............................ -55 to +125·C
PACKAGE TYPE E ..................................•..•...........•.............................................. -40 to +85·C

STORAGE-TEMPERATURE RANGE (T•••) ........................................•..•............................... -65 to +150·C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max. . +265·C

RECOMMENDED OPERATING CONDITIONS at T. = -40° to +85°C

For maximum reliability, nominal operating condltlonl Ihould ba lelected 10 that operation II alwayl

within the following rangel:

LIMITS
Max.

6
Voo

Min.
3

Vss

CHARACTERISTIC
LIMITS

UNITS
Min. Typ. Max.

Quiescent Oevice Current 100 - 50 200 IlA
Output Low Current (Sinking): VOL = 0.4 V 10L

1.6 mA
(00-07,TxO,RxC,RTS,OTR,IRQ)

- -

Output High Current (Sourcing): VOH = 4.6 V 10H
-1.6 mA

(00-07, TxO, RxC, RTS, OTR)
- -

Output Low Voltage: Ico.o - 1.6 mA VOL
0.4 V

(00-07, TxO, RxC, RTS, OTR, IRQ)
- -

Output High Voltage: Ico.o = -1.6 mA VOH
4.6 V

(00-07, TxO, RxC, RTS, OTR)
- -

Input Low Voltage V'L Vss - 0.8 V
Input High Voltage V'H

(Except XTLI and XTLO) 2 - Voo
(XTLI and XTLO) 3 Voo

V
-

Input Leakage Current: V'N = 0 to 5 V I,N
±1 IlA

(R/W, RES, CSO, CS1, CE, OS, AS, CTS, RxO, OCO, OSR)
- -

Input Leakage Current for High Impedance State (00-07) iTs, - - ± 1.2 IlA
Output Leakage Current (off state): VOUT- 5 V (fRO) 10FF - - 2 IlA
Input Capacitance (except XTLI and XTLO) C,N - - 10 pF
Output Capacitance COUT - - 10 pF
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CDP8853 INTERFACE REQUIREMENTS
This section describes the interface requirements for the
CDP6853 ACIA. Fig. 1 is the Interface Diagram and the
Terminal Diagram shows the pin-out configuration for the
CDP6853.

MICROPROCESSOR INTERFACE
SIGNAL DESCRIPTION

RES (Relet) (4)
During system initialization a low on the RES input will
cause a hardware reset to occur. The Command Register
and the Control Register will be cleared. The Status
Registerwill be cleared with the exception of the indications
of Data Set Ready and Data Carrier Detect, which are
externally controlled by the DSR and DCD lines, and the
transmitter Empty bit, which will be set. A hardware reset is
required after power-up.

R/W (Reed/Write) (1)
The MOTEL circuit treats the R/W pin in one of two ways.
When a 6805 type processor is connected, R/W is a level
which indicates whether the current cycle is a read or write.
A read cycle is indicated with a high level o!LR/Wwhile OS is
high. whereas a write cycle is a low on R/W during OS.

The secondJE~~retati~R/W is as a negative write
pulse. "WR, • and 1I0W from competitor Jlpe pro-
cessors. The MOTEL circuit in this mode gives RlW pin the
same meaning as the write (W) pulse on many generic
RAMs.
IRQ (Interrupt Requelt) (28)
The iRQ pin is an interrupt outputfrom the interrupt control
logic. It is an open drain output, permitting several devices
to be'connected to the commonTRO microprocessor input.
Normally a high level, TR'O goes low when an interrupt
occurs.

02-07 (Dete BUI) (20-25)
The 02-07 pins are the eight data lines used to transfer data
between the processor and the CDP6853. These lines are
bi-directional and are normally high-impedance except
during Read cycles when the CDP6853 is selected.
CE, CSO,CS1 (Chip Selectl) (2,3,13)
The two chip select and the one chip enable inputs are
normally connected to the processor address lines either
directly or through decoders. The CDP6853 is selected
when CSOis high, CS1 is low, and CE is high.
ADO, AD1 (Multiplexed Bldlrectlonel Addre •• /Dete Bltl)
(18,19)
Multiplexed bus processors save pins by presenting the
address during the first portion of the bus cycle and using
the same pins during the second portion for data. Address-
then-data multiplexing does not slow the access time of the
CDP6853 since the bus reversal from address to data is
occurring during the internal RAM access time.
The address must be valid just prior to the fall of AS/ALE at
which time the CDP6853 latches the address from ADOto
AD1. Valid write data must be presented and held stable
during the latter portion of the OS orWR pulses. In a read
cycle, the CDP6853 outputs 8 bits of data during the latter
portion of the OS or RD pulses, then ceases driving the bus
(returns the output drivers to three-state) when OS falls in
this case of MOTEL or RD rises in the other case. The
following table shows internal register select coding:

TABLE I

AD1 ADO Write Reed
0 0 Transmit Data Receiver Data

Reoister Reoister
0 1 Programmed Reset Status Register

(Data is "Don't
Care")

1 0 Command Reoister
1 1 Control Reoister

Only the Command and Control registers are read/write.
The programmed Reset operation does not cause any data
transfer, but is used to clear bits 4 through 0 in the
Command register and bit 2 in the Status register. The
Control Register is unchanged by a Programmed Reset. It
should be noted that the Programmed Reset is slightly
different from the Hardware Reset (RES); these differences
are shown in Figs. 4, 5, and 6.

ACIAIMODEM INTERFACE
SIGNAL DESCRIPTION

XTLI, XTLO (Cryltel Plnl) (6,7)
These pins are normally directly connected to the external
crystal (1.8432 MHz) used to derive the various baud rates
(see "Generation of Non-Standard Baud Rates"). Alter-
natively, an externally generated clock may be used to drive
the XTLI pin, in which case the XTLO pin must float. XTLI is
the input pin for the transmit clock.
TxD (Trenlmlt Dete) (10)
The TxD output line is used to transfer serial NRZ
(nonreturn-to-zero) data to the modem. The LSB (least
significant bit) of the Transmit Data Register is the first data
bit transmitted and the rate of data' transmission is
determined by the baud rate selected or under control of an
external clock'. This selection is made by programming the
Control Register.



RxD (Receive Data) (12)
The RxO input line is used to transfer serial NRZ data into
the ACIA from the modem, LSB first. The receiver data rate
is either the programmed baud rate or under the control of
an externally generated receiver clock. The selection is
made by programming the Control Register.
RxC (Receive Clock) (5)
The RxC is a bi-directional pin which serves as either the
receiver 16x clock input or the receiver 16x clock output.
The latter mode results if the internal baud rate generator is
selected for receiver data clocking.
RTS (Request to Send) (8)
The RTS output pin is used to control the modem from the
processor. The state of the ~ pin is determined by the
contents of the Command Register.

CTS (Clear to Send) (9)
The CTS input pin is used to control the transmitter
operation. The enable state is with CTS low. The transmitter
is automatically disabled if CTS is high.
DTR (Data Terminal Ready) (11)
This output pin is used to indicate the status of the COP6853
to the modem. A low on OTR indicates the COP6853 is
enabled, a high indicates it is disabled. The processor
controls this pin via bit 0 of the Command Register.
DSR (Data Set Ready) (17)
The OSR input pin is used to indicate to the COP6853 the
status of the modem. A low indicates the "ready" state and a
high, "not-ready".
DCD (Data Carrier Detect) (16)
The OCO input pin is used to indicate to the COP6853 the
status of the carrier-detect output of the modem. A low
indicates that the modem carrier signal is present and a
high, that it is not.

OS (Data Strobe or Read) (27)
The OS pin has two interpretations via the MOTEL circuit.
When emanating from a 6800 type processor, OS is a
positive pulse during the latter portion of the bus cycle, and
is variously called OS (data strobe), E (enable), and ¢J2 (¢J2
clock). During read cycles, OS signifies the time that the
ACIA is to drive the bidirectional bus. In write cycles, the
trailing edge of OS causes the ACIA to latch the written
data.

6800
FAMILY TYPE

MPU SIGNALS

8085
FAMILY TYPE
MPU SIGNALS

The second MOTEL interpretation of OS is that of RO,
MEMR, or l/OR emanating from an 8085 type processor. In
this case, OS identifies the time period when the real-time
clock plus RAM drives the bus with read data. This
interpretation of OS is also the same as an output-enable
signal on a typical memory.
The MOTEL circuit, within the COP6853 latches the state of
the OS pin on the falling edge of AS/ALE. When the 6800
mode of MOTEL is desired OS must be low during AS/ALE,
which is the case with the COP6805 family of multiplexed
bus processors. To insure the 8085 mode of MOTEL, the OS
pin must remain high during the time AS/ALE is high.
AS (Multiplexed Addre •• Strobe) (15)
A positive-going mUltiplexed address strobe pulse serves to
demultiplex ADO and A01. The falling edge of AS or ALE
causes the address to be latched within the COP6853. The
automatic MOTEL circuitry in the C0P6853 also latches the
state of the OS pin with the falling edge of AS or ALE.

MOTEL
The MOTEL circuit is a new concept that permits the
COP6853 to be directly interfaced with many types of
microprocessors. No external logic is needed to adapt to
the differences in bus control signals from common
multiplexed bus microprocessors.
Practically all microprocessors interface with one of two
synchronous bus structures.
The MOTEL circuit is built into peripheral and memory ICs
to permit direct connection to either type of bus. An
industry-standard bus structure is now available. The
MOTEL concept is shown logically in Fig. 2.
MOTELselects one of two interpretations of two pins. In the
6805 case, OS and R/W are gated together to produce the
internal read enable. The internal write enable is a similar
gating of the inverse of R/W. With 8085 Family buses, the
inversion of ROand WRcreate functionally identical internal
read and write enable signals.
The COP6853 automatically selects the processor type by
using AS/ALE to latch the state of the OS/RO pin. Since OS
is always low andRDis always high during ASand ALE, the
latch automatically indicates which processor type is
connected.
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This section provides a functional description of the
CDP6853. A block diagram of the CDP6853 is presented in
Fig. 3.

CTS

02-07 ToO
ADO, AD1

0C0
oSR

RfW
RoC

XTLI
CSO XTlO
CS1

CE oTR

RTS

RoD

AS

DATA BUS BUFFERS
The Data Bus Buffer interfaces the system data lines to the
internal data bus. The Data Bus Buffer is bi-directional.
When the R/Wline is high and the chip is selected, the Data
Bus Buffer passes the data to the system data lines from the
CDP6853 internal data bus. When the R/W line is low and
the chip is selected, the Data Bus Buffer writes the data from
the system data bus to the internal data bus.

INTERRUPT LOGIC
The Interrupt Logic will cause the IRQ line to the micro-
processor to go low when conditions are met that require
the attention of the microprocessor. The conditions which
can cause an interrupt will set bit 7and the appropriate bitof
bits 3 through 6 in the Status Register if enabled. Bits 5and 6
correspond to the Data Carrier Detect (DCD) logic and the
Data Set Ready (DSR) logic. Bits 3 and 4 correspond to the
Receiver Data Registerfull and the Transmitter Data Register
empty conditions. These conditions can cause an interrupt
request if enabled by the Command Register.

I/O CONTROL
The I/O Control Logic controls the selection of internal
registers in preparation for a data transfer on the internal
data bus and the direction of the transfer to or from the
register.
The registers are selected by the Register Select and Chip
Select and Read/Write lines as described in Table I,
previously.

TIMING AND CONTROL
The Timing and Control logic controls the timing of data
transfers on the internal data bus and the registers, the Data

Bus Buffer, and the microprocessor data bus, and the
hardware reset features.
Timing is controlled by the system 1/12 clock input. The chip
will perform data transfers to or from the microcomputer
data bus during the 1/12 high period when selected.
All registers will be initialized by the Timing and Control
Logic when the Reset (RES) line goes low. Seethe individual
register description forthe state of the registers following a
hardware reset.

TRANSMITTER AND RECEIVER
DATA REGISTERS

These registers are used as temporary data storage for the
CDP6853 Transmit and Receive Circuits. Both the Trans-
mitter and Receiver are selected by a Register Select 0
(RSO) and Register Select 1 (RS1) low condition. The
Read/Write line determines which actually uses the internal
data bus; the Transmitter Data Register is write only and the
Receiver Data Register is read only.
Bit 0 is the first bit to be transmitted from the Transmitter
Data Register (least significant bit first). The higher order
bits follow in order. Unused bits in this register are "don't
care".
The Receiver Data Register holds the first received data bit
in bit 0 (least significant bit first). Unused high-order bits
are "0". Parity bits are not contained in the Receiver Data
Register. They are stripped off after being used for parity
checking.

STATUS REGISTER
Fig. 4 indicates the format of the CDP6853 Status Register.
A description of each status bit follows.
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L PARITY ERROR'
a - NO PARITY ERROR
, - PARITY ERROR DETECTED

FRAMING ERROR*
0- NO FRAMING ERROR
1 - FRAMING ERROR DETECTED

OVERRUN·
a - NO OVERRUN
1 - OVERRUN HAS OCCURRED

'----- RECEIVER DATA REGISTER FULL
a - NOT FULL
1 - FULL

'------- TRANSMITTER DATA REGISTER EMPTY
0- NOT EMPTY
1 - EMPTY

DATA CARRIER DETECT (OCD)
0- OCD LOW (DETECT)
f - ~ HIGH (NOT DETECTED)

DATA SET READY liSSA)

~: ~ ~~~ (r:~~~EADY)

INTERRUPT (IRQ)
0- HO INTERRUPT (IRQ PIN HIGH)
1 • INTERRUPT HAS OCCURRED (i"R'O PIN LOW)

·NO INTERRUPTS OCCUR FOR
7 6 5 4 3 2 1 0 THESECONDITIONS

~HARDWAAE RESET (RES)

~PROGRAM RESET
'2CM-36713Rl

Receiver Deta Register Full (Bit 3)
This bit goes to a "1" when the CDP6853 transfers. data from
the Receiver Shift Register to the Receiver Data Register,
and goes to a "0" when the processor reads the Receiver
Data Register.
Transmitter Data Register Empty (Bit 4)
This bit goes to a "1"when the CDP6853 transfers data from
the Transmitter Data Register to the Transmitter Shift
Register, and goes to a "0" when the processor writes new
data onto the Transmitter Data Register.
Deta Carrier Detect (Bit 5) and
Data Set Ready (Bit 6)
These bits reflect the levels of the DCD and DSR inputs to
the CDP6853. A "0" indicates a low level (true condition)
and a "1" indicates a high (false). Whenever either of these
inputs change state, an immediate processor interrupt
occurs, unless the CDP6853 is disabled (bit 0 of the
Command Regi!!ter is a "0"). When the interrupt occurs, the
status bits will indicate the levels of the inputs immediately
after the change of state occurred. Subsequent level
changes will not affect the status bits until the Status
Register is interrogated by the processor. At that time,
another interrupt will immediately occur and the status bits
will reflect the new input levels.

Framing Error (Bit 1), Overrun (2), and
Parity Error (Bit 0)
None of these bits causes a processor interrupt to occur,
but they are normally checked at the time the Receiver Data
Register is read so that the validity of the data can be
verified.
Interrupt (Bit 7)
This bit goes to a "0" when the Status Register has been
read by the processor, and goes to a "1" whenever any kind
of interrupt occurs.

The Control Register selects the desired transmitter baud
rate, receiver clock source, word length, and the number of
stop bits.
Selected Baud Rate (Bits 0,1,2,3)
These bits, set by the processor, select the Transmitter
baud rate, which can be at 1/16 an external clock rate or one
of 15 other rates controlled by the internal baud rate
generator as shown in Fig. 5.

76543210
~HARDWARE RESET IRES)
c:.r::.E.EEEEEJ PROGRAM RESET

SELECTED BAUD RATE (SBR)

111Q
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

1/16X EXTERNAL CLOCK
50 BAUD
75 BAUD
109.92 BAUD
134.58 BAUD
150 BAUD
300 BAUD
600 BAUD
1200 BAUD
1800 BAUD
2400 BAUD
3600 BAUD
4800 BAUD
7200 BAUD
9600 BAUD
19200 BAUD

RECEIVER CLOCK SOURCE (RCS)
0- EXTERNAL RECEIVER CLOCK
1 - BAUD RATE

WORD LENGTH (Wl.)

§~
00 8 BITS
01 7 BITS
10 6 BITS
11 5 BITS

STOP BIT NUMBER ISBN)
0-1 STOP BIT
1 - 2 STOP BITS

- 1-1/2 STOP BITS
FOR WL=5 AND NO PARITY

-1 STOP BIT
FOR WL=8 AND PARITY

Receiver Clock Source (Bit 4)
This bit controls the clock source to the Receiver. A "0"
causes the Receiver to operate at a baud rate of 1/16 an
external clock. A "1" causes the Receiver to operate at the
same baud rate as is selected for the transmitter as shown in
Fig.5.
Word Length (Bits 5,6)
These bits determine the word length to be used (5,6,7 or 8
bits). Fig. 5 shows the configuration for each numberof bits
desired.
Stop Bit Number (Bit 7)
This bit determines the number of stop bits used. A "0"
always indicates one stop bit. A "1" indicates 1'h stop bits if
the word length is 5 with no parity selected, 1 stop bit if the
word length is 8 with parity selected, and 2 stop bits in all
other configurations.
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COMMAND REGISTER
The Command Register controls specific modes and
functions (Fig. 6).
Data Terminal Ready (Bit 0)
This bit enables all selected interrupts and controls the
state of the Data Terminal Ready (DTR) line. A "0" indicates
the microcomputer system is not ready by setting the DTR
line high. A "1" indicates the microcomputer system is
ready by setting the DTR line low. When the DTR bit is set to
a "0". the receiver and transmitter are both disabled.
Receiver Interrupt Control (Bit 1)
This bit disables the Receiver from generating an interrupt
when set to a "1". The Receiver interrupt is enabled when
this bit is set to a "0" and Bit 0 is set to a "1".
Tranlmltter Interrupt Control (Bltl 2,3)
These bits control the state of the Ready to Send (RTS) line
and the Transmitter interrupt. Fig. 6 shows the various
configurations of the RTS line and Transmit Interrupt bit
settings.
Receiver Echo Mode (Bit 4)
This bit enables the Receiver Echo Mode. Bits 2 and 3 must
also be zero. In the Receiver Echo Mode. the Transmitter
returns each transmission received by the Receiver delayed
by'h bit time. A "1" enables the Receiver Echo Mode. A "0"
bit disables the mode.
Parity Mode Enable (Bit 5)
This bit enables parity bit generation and checking. A "0"
disables parity bit generation by the Transmitter and parity
bit checking by the Receiver. A "1" bit enables generation
and checking of parity bits.

76543210
~ HARDWARE RESET(RESj
~PROGRAM RESET

Parity Mode Control (Bltl 6,7)
These bits determine the type of parity generated by the
Transmitter, (even, odd, mark or space) and the type of
parity check done by the Receiver (even, odd, or no check).
Fig. 6 shows the possible bit configurations for the Parity
Mode Control bits.

TRANSMITTER AND RECEIVER
Bits 0-3 of the Control Register select divisor used to
generate the baud rate for the Transmitter. If the Receiver
clock is to use the same baud rate as the transmitter, then
RxC becomes an output and can be used to slave other
circuits to the CDP6853. Fig. 7 shows the transmitter and
Receiver layout.

DATA TERMINAL READY (OTR)
O· DATA TERMINAL NOT READY (OTR PIN HIGH)
1· DATA TERMINAL READY (OTA PIN lOW)

RECEIVER INTERRUPT CONTROL (IRD)
O· RECEIVER INTERRUPT ENABLED
1 • RECEIVER INTERRUPT DISABLED

TRANSMITTER INTERRUPT CONTAOL{TIC)
3 2
'5 i5 R'fS - HIGH, TRANSMIT INTERRUPT DISABLED"
o 1 AT!: - LOW, TRANSMIT INTERRUPT ENABLE
1 0 ~ - LOW, TRANSMIT INTERRUPT DISABLED
1 1 R"ffi - LOW, TRANSMIT INTERRUPT DISABLED

TRANSMIT BREAK ON, T x 0

RECEIVER ECHO MOCE (REM)
0- RECEIVER NORMAL MODE
1 - RECEIVER ECHO MODE*

PARITY MODE ENABLE (PME)
0- PARITY MODE DISABLED

NO PARITY BIT GENERATED
PARITY CHECK DISABLED

1 - PARITY MODE ENABLED

PARITY MODE CONTROL (PMC)
r §
o 0 000 PARITY TRANSMITTED/RECEIVED
o 1 EVEN PARITY TRANSMITTED/RECEIVED
1 0 MARK PARITY BIT TRANSMITTED

PARITY CHECK DISABLED
1 1 SPACE PARITY BIT TRANSMITTED

PARITY CHECK DISABLED



TRANSMITTER AND RECEIVER OPERATION
Continuous D.t. Tr.nsmlt (Fig. 8)
In the normal operating mode, the processor interrupt
(IRQ) is used to signal when the CDP6853 is ready to accept
the next data word to be transmitted. This interrupt occurs
at the beginning of the Start Bit. When the processor reads

the Status Register of the CDP6853, the interrupt is cleared.
The processor must then identify that the Transmit Data
Register is ready to be loaded and must then load it with the
next data word. This must occur before the end of the Stop
Bit, otherwise a continuous "MARK" will be transmitted.

CHAR." CHAR.n+1 CHA,,;tn+2 CHAR*n+3
I I I I

/ V V V "-STOP STOP STOP STOPTXOLEB~ ~ ~ ~EETl..
STAAT START START START I
I Iii I
I I I I I
I I I I I

iRo LJI]--LOJ'-CLlll LIJJ L
fi~~!~~:ATA) I r~~~S:~~:T~ST
REGISTER EMPTY) IN THIS TIME

INTERVAl; OTHERWISE,
CONTINUOUS "MARK"
IS TRANSMITTED

PROCESSOR READS STATUS laCM·3In2At
REOISTER, CAUSES IRQ
TO CLEAR

data word. This occurs at about the 8/16 point through the
Stop Bit. The processor must read the Status Register and
read the data word before the next interrupt, otherwise the
Overrun condition occurs.

Similar to the above case, the normal mode is to generate a
processor interrupt when the CDP6853 has received a full

CHAR*n+1 CHAR.n+2 CHAR*n+3
I , I

V 'V \J "-
STOP STOP STOP STOP

AxC LEB~ ~ = =GI:JL
STAAT : START : START : STAAT :

I I I ILm' 1 /Lm Lm L) I::~~SE~~A~~~~~~~~
TIME INTERVAl; OTHERWISE,

PROCESSOR OVERRUN OCCURS
INTERRUPT OCCURS
ABOUT 1118 INTO
LAST STOP BIT.
PARITY, OVERRUN,
AND FRAMING ERROR
UPDATED, ALSO

PROCESSOR READS STATUS
REGISTER, CAUSES IRQ
TO CLEAR

(J)
(J)..J
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Trlnlmlt Oltl Regllter Not LOlded
By Procellor (Fig. 10)
If the processor is unable to load the Transmit DataRegister
in the allocated time, then the TxD line will go to the
"MARK" condition until the data is loaded. IRQ interrupts

continue to occur at the same rate as previously, except no
data is transmitted. When the processor finally loads new
data, a Start Bit immediately occurs, the data word
transmission is started, and another interrupt is initiated,
signaling for the next data word.

CHAR.n CONTINUOUS "MARK" CHAR .n+ 1
I I

/ " / ,/
STOP STOP STOP

TxD TLEEI~ - ~ ~H
I
START LCHARACTER START ISTARTr~ TIME 1

INTERRUPTS
CONTINUE AT
CHARACTER RATE
EVEN THOUGH
NO DATA IS
TRANSMITTED

WHEN PROCESSOR FINALLY LOADS
NEW DATA, TRANSMISSION STARTS
IMMEDIATELY AND INTERRUPT
OCCURS, INDICATING TRANSMIT
DATA REGISTER EMPTY

Effect of CTS on Trlnlmltter (Fig. 11)

CTS is the Clear-to-Send Signal generated by the modem.
It is normally low (True State) but may go high in the event
of some modem problems. When this occurs, the TxD line
immediately goes to the "MARK" condition. Interrupts

continue at the same rate, but the Status Register does not
indicate that the Transmit Data Register is empty. Since
there is no status bit for CTS, the processor must deduce
that CTS has~e to the FALSE (high) state. This is
covered later. CTS is a transmit control line only, and has no
effect on the CDP6853 Receiver Operation.

/
ffi GOES HIGH. NEXT
INDICATING MODEM PROCESSOR
IS NOT READY TO INTERRUPT
RECEIVE DATA. Tx 0 AT NORMAL
IMMEDIATELY GOES START BIT
TO "MARK" CONDITION TIME

PROCESSOR READS
STATUS REGISTER.
SINCE DATA REGISTER
IS NOT EMPTY, PROCESSOR
MUST DeDUCE THAT
~ IS SOURCE OF
INTERRUPT (THIS IS
COVERED ELSEWHERE
IN THIS NOTE).



Effect of Overrun on Receiver (Fig. 12)
If the processor does not read the Receiver Data Register in
the allocated time, then, when the following interrupt
occurs, the new data word is not transferred to the Receiver

Data Register, but the Overrun status bit Is set. Thus, the
Data Register will contain the last valid data word received
and all following data is lost.

CHAR#n CHAR#n+1 CHAR.-n+2 CHAR_n+3
I ! ! I

-V './ './ './
STOP STOP STOP STOP

AXDTLGGI~ ~ ~ ~HI~ I~ I~ I~

RECEIVER DATA REGISTER
NOT UPDATED BECAUSE
PROCESSOR DID NOT FlEAD
PREVIOUS DATA. OVERRUN
BIT SET IN STATUS
REGISTER.

~OVERRUN BIT seT IN
STATUS REGISTER

Echo Mode Timing (Fig. 13)
In Echo Mode, the TxD line re-transmits the data on the RxD
line, delayed by 'h of the bit time.

\ \ \ \ \\ \\\ \\\\\
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Effect of CTS on Ech~Mode Operltlon (Fig. 14)
See "Effect of CTS on Transmitter" for the effect of CTS on
the Transmitter. Receiver operation is unaffected by CTS,
so, in Echo Mode, the Transmitter is affected in the same

way as "Effect of ffi on Transmitter". In this case,
however, the processor interrupts signify that the Receiver
Data Register is full, so the processor has no way of
knowing that the Transmitter has ceased to echo.

CHAR#" CHAA#n+1 CHAA#n+2 CHAR#n+3

~/ I \../ I '-/ I ,,/ I

STOP STOP STOP STOP

AxO =rLEGI~ ~ ~ ~H\- 1- 1- 1-
~-uIl L1Il---un LJI]--

Overrun In Echo Mode (Fig. 15)
If Overrun occurs in Echo Mode, the Receiver is affected the
same way as described in "Effect of Overrun on Receiver".

For the re-transmitted data, when overrun occurs, the TxD
line goes to the "MARK" condition until the first Start Bit
after the Receiver Data Register is read by the processor.

CHAR #n CHAR #x

-----./ I" / I ,,/

STOP STOP STOP STOP

RXD=rLEGI~~~~~~H1- - - -
rno l-JQ-' --/~l--LJI]--LJI]--

ISTop I ,/
TXD~ I START

PROCESSOR
INTERRUPT
FOR RECEIVER
DATA REGISTER
FULL

PROCESSOR FINALLY
READS RECEIVER
DATA REGISTER,
LAST VALID
CHARACTER (#n)

1
TaDCAlA
RESUMES

PROCESSOR
READS
STATUS
REGISTER

OVERRUN OCCURS
Tx 0 GOES TO
"MARK"
CONDITION

PROCESSOR
INTERRUPT
FDA CHAR.)I
IN RECEIVER
DATA REGISTER



Fremlng Error (Fig. 16)

Framing Error is caused by the absence of Stop Bit(s) on
received data. The status bit is set when the processor

interrupt occurs. Subsequent data words are tested for
Framing Error separately, so the status bit will always
reflect the last data word received.

NOTES:
1. FRAMING ERROR DOES NOT

INHIBIT RECEIVER OPERATION.
2. IF NEXT DATA WORD IS OK.

FRAMING ERROR IS CLEARED.

Effect of DeD on Receiver (Fig. 17)

Deb is a modem output used to indicate the status of the
carrier-frequency-detection circuit of the modem. This line
goes high for a loss of carrier. Normally, when this occurs,
the modem will stop transmitting data (RxD on the CDP6853
some time later. The CDP6853 will cause a processor
interrupt whenever DCD changes state and will indicate this

I
PROCESSOR
INTERRUPT,
FRAMING
ERROR
BIT SET

condition via the Status Register.
Once such a change of state occurs, subsequent transitions
will not cause interrupts or changes in the Status Register
until the first interrupt is serviced. When the Status Register
is read by the processor, the CDP6853 automatically
checks the level of the DCD line, and if it has changed,
another interrupt occurs.
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5-bit data words with no parity bit. In this case, the
processor interrupt for Receiver Data Register Full occurs
halfway through the trailing half-Stop Bit.

U
t

PROCESSOR INTERRUPT
OCCURS HALFWAY
THROUGH THE 1/2
STOP BIT

Transmll Continuous "BREAK" (Fig. 19)

This mode is selected via the CDP6853 Command Register
and causes the Transmitter to send continuous "BREAK"
characters after both the transmitter and transmitter-holding
registers have been emptied.

When the Command Register is programmed back to
normal transmit mode, a Stop Bit is generated and normal
transmission continues.

~/ "-
STOP STOP

TXD~~ _ BN P STOP

ISTART START
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WHICH PROCESSOR
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CONTINUOUS
"BREAK" MODE

POINTATWHI~ /
PROCESSOR PROCESSOR
SELECTS INTERRUPT
NORMAL TO lOAD
TRANSMIT TRANSMIT
MODE DATA

characters, the CDP6853will terminate receiving. Reception
will resume only after a Stop Bit is encountered by the
CDP6853.
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STATUS REGISTER OPERATION
Because of the special functions of the various status bits,
there is a suggested sequence for checking them. When an
interrupt occurs, the CDP6853 should be interrogated, as
follows:

1. Read Status Register
This operation automatically clears Bit 7 (IRQ). Sub-
sequent transitions on DSRand DCD will cause another
interrupt.

2. Check IRQ Bit
If not set, interrupt source is not the CDP6853.

3. Check DCD and DSR
These must be compared to their previous levels, which
must have been saved by the processor. If they are both
"0" (modem "on-line") and they are unchanged then
the remaining bits must be checked.

4. Check RDRF (Bit 3)
Check for Receiver Data Re,gisterFull.

5. Check Parity, Overrun, and Framing Error (Bits 0-2)
Only if Receiver Data Register is Full.

6. Check TORE (Bit 4)
Check for Transmitter Data Register Empty.

7. If none of the above, then CTS must have gone to the
FALSE (high) state.

PROGRAMMED RESET OPERATION
A program reset occurs when the processor performs a
write operation to the CDP6853 with ADO high and AD1
low. The program reset operates somewhat different from
the hardware reset (RES pin) and is described as follows:

1. Internal registers are not completely cleared. The data
sheet indicates the effect of a program reset on internal
registers.

2. The DTR line goes high immediately.
3. Receiverand transmitter interrupts are disabled immed-

iately. If iRQ is low when the reset occurs, it st~ow
until serviced, unless interrupt was caused by 0Cl::> or
~ transition.

4. DCD and DSR interrupts disabled immediately. If IRQ
is low and was caused by DCD or DSR, then it goes
high, also ~ and ~ status bits SUbsequently will
follow the input lines, although no interrupt will occur.

5. Overrun cleared, if set.
MISCELLANEOUS NOTES ON OPERATION

1. If Echo Mode is selected, RTS goes low.
2. If Bit 0 of Command Register is "0" (disabled), then:

a) A!!.Jnterr~disabled, including those caused by
DCD and DSR transitions.

b) Receiver disabled, but a character currently being
received will be completed first.

c) Transmitter is disabled after both the Transmit
Data and Transmit Shift Registers have been
emptied.

3. Odd parity occurs when the sum of all the"l" bits in the
data word (including the parity bit) is odd.

4. In the receive mode, the received parity bit does not go
into the Receiver Data Register, but is used to generate
parity error for the Status Register.

5. Transmitter and Receiver may be In full operation
simultaneously. This Is "full-duplex" mode.

6. If the RxD line inadvertently goes low and then high
during the first 9 receiver clocks after a Stop Bit; will
result in a false Start Bit.
For false Start Bit detection, the CDP6853 does not
begin to receive data, instead, only a true Start Bit
initiates receiver operation.

7. Precautions to consider with the crystal oscillator
circuit:

The XTLI input may be used as an external clock
input. The XTLO pin must be floating and may not
be used for any other function.

8. DCD and~ transitions, although causing immediate
processor interrupts, have no effect on transmitter
operation. Data will continue to be sent, unless the
processor forces transmitter to turn off. Since these are
high-impedance inputs, they must not be permitted to
float (un-eonnected).lf unused, they must beterminated
either to GND or VDD•

GENERATION OF NON·STANDARD BAUD RATES
Dlvlaor.
The internal counter/divider circuit selects the appropriate
divisor for the crystal frequency by means of bits 0-3 of the
CDP6853 Control Register.
The divisors, then, are determined by bits 0-3 in the Control
Register and their values are shown in Table II.
Generating Other Baud Rate.
By using a different crystal, other baud rates may be
generated. These can be determined by:

Crystal Frequency
Baud Rate = -------

Divisor
Furthermore, it is possible to drive the CDP6853 with an
off-ehip oscillator to achieve the same thing. In this case,
XTLI (pin 6) must be the clock input and XTLO (pin 7) must
be a no-connect.

DIAGNOSTIC LOOP·BACK OPERATING MODES
A simplified block diagram for a system Incorporating a
CDP6853 ACIA is shown in Fig. 21.
Occasionally It may be desirable to include In the system a
facility for "loop-back" diagnostic testing, of which there
are two kinds:

1. Local Loop-Back
Loop-back from the point of view of the processor. In
this case, the Modem and Data Link must be effectively
disconnected and the ACIA transmitter connected
back to its own receiver, so that the processor can
perform diagnostic checks on the system, excluding
the actual data channel.

2. Remote Loop-Back
Loop-back from the point of view of the Data Link and
Modem. In this case, the processor, itself, Is discon-
nected and all received data is immediately retrans-
mitted, so the system on the other end of the Data Link
may operate independent of the local system.
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CONTROL DIVISOR SELECTED BAUD RATE GENERATED BAUD RATE GENERATED
REGISTER FOR THE WITH 1.8432 MHz WITH A CRYSTAL

BITS INTERNAL COUNTER CRYSTAL OF FREQUENCY (F)
3 2 1 0
0 0 0 0 No Divisor Selected 1/16 of External Clock at Pin XTLI 1/16 of External Clock at Pin XTLI

1.8432 x 10· F
0 0 0 1 36,864 36.864 50 36864

1.8432 x 10· F
0 0 1 0 24,576 24.576 75 24576

1.8432 x 10· F
0 0 1 1 16,768 16.768 109.92 16768

1.8432 x 10· F
0 1 0 0 13.696 13696 134.58 13696

1.8432 x 10· F
0 1 0 1 12,288 12288 150 12288

1.8432 x 10· F
0 1 1 0 6,144 1\144 300 6144

1.8432 x 10· F
0 1 1 1 3.072 :'I07? 600 3072

1.8432 x 10· F
1 0 0 0 1,536 1 !i:'l6 = 1200 1536

1.8432 x 10· F
1 0 0 1 1,024 1.024 = 1800 1024

1.8432 x 10· F
1 0 1 0 768 71\R = 2400 768

1.8432 x 10· F
1 0 1 1 512 !i1? = 3600 !i12

1.8432 x 10· F
1 1 0 0 384 :'184 = 4800 384

1.8432 x 10· F
1 1 0 1 256 2!i1\ = 7200 251\

1.8432 x 10· F
1 1 1 0 192 192 = 9600 192

1.8432 x 10· F
1 1 1 1 96 91\ = 19200 96



SEL 1Y

2Y

STB 3Y

.Y
CD74HC157
18 1A

28 2A

38 3A

48 4A

8EL 1Y

2Y

ITB 3Y
.y

CD74HC157
18 1A

28 20.

'8 'A
48 44

NOTES: 1. HIGH ON LL8 SELECTS LOCAL LOOP·BACK MODE.
2. HIGH ON CD74HC157 SELECT INPUT GATES "B"INPUTS

TO "Y· OUTPUTS; LOW GATES "A" TO "Y".

The CDP6853 does not contain automatic loop-back
operating modes, but they may be implemented with the
addition of a small amount of external circuitry.
Fig. 22 indicates the necessary logic to be used with the
CDP6853.
The LLB line is the positive-true signal toenable local loop-
back operation. Essentially, LLB=high does the following:

1. Disables outputs TxD, DTR, and RTS (to Modem).
2. Disables inputs RxD, DCD, CTS, 6SR (from Modem).
3. Connects transmitter outputs to respective receiver

inputs:
a) TxD to RxD
b) DTR to DCD
c) RTSto CTS

LLB may be tied to a peripheral control pin to provide
processor control of local loop-back operation. In this way,
the processor can easily perform local loop-back diagnostic
testing.
Remote loop-back does not require this circuitry, so LLB
must be set low. However, the processor must select the
following:

1. Control Register bit4 must be "1", so thatthe transmitter
clock=receiver clock.

2. Command Register bit 4 must be "1" to select Echo
Mode.

3. Command Register bits 3 and 2 must be "1" and "0",
respectively, to disable transmitter interrupts.

4. Command Register bit 1 must be "0" to disable receiver
interrupts.

In this way, the system re-transmits received data without
any effect on the local system.
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DYNAMIC ELECTRICAL CHARACTERISTICS-BUS TIMING, Voo = 5 V de ± 5%, Vss = 0 V dc,
TA = -40 to +8SoC, Cl = 75 pF, S•• Figs. 23, 24, 25.

IDENT.
LIMITS

CHARACTERISTIC DP68S3 CDP68S~ CDP68S3-4UNITS
NUMBER

Min. MIx. Min. MIx. Min. MIx.
1 Cycle Time tCYC 953 DC 500 DC 250 DC
2 Pulse Width. DS/E Low or frri/WR High PWEL 300 - 125 - 90 -
3 Pulse Width. DS/E High or RDIWR Low PWEH 325 - 145 - 70 -
4 Clock Rise and Fall Time t"t, - 30 - 30 - 30
8 R/W Hold Time tRWH 10 - 10 - 5 -
13 R/W Set-up Time Before DS/E tRWS 15 - 10 - 5 -
14 Chip Enable Set-up Time Before AS/ALE Fall Ics 55 - 20 - 10 -
15 Chip Enable Hold Time teH 0 - 0 - 0 -
18 Read Data Hold Time tOHR 10 100 10 40 10 20
21 Write Data Hold Time tOHW 0 0 0 ns

- - -
24 Muxed Address Valid Time to AS/ALE Fall IAsl 50 - 20 - 10 -
25 Muxed Address Hold Time tAHl 50 - 15 - 5 -
26 Delay Time. DS/E to AS/ALE Rise tASO 50 - 0 - 0 -
27 Pulse Width, AS/ALE High PWASH 100 - 45 - 20 -
28 Delay Time, AS/ALE to DS/E Rise tASEO 90 - 20 - 10 -
30 Peripheral Output Data Delay Time

From DS/E or RD tOOR 20 240 10 70 5 35
31 Peripheral Data Set-up Time tosw 220 - 110 - 55 -

READ

NOTE; "'HIGH· "'DO -2.0V, "lOW .C.eV.FOR voo1s.OV! 10 ••••



NOTE: VH1GH • VOO - 2.V. VLOW • O.SV. FOR VOO• 5V!.IO %

Fig. 25 - Bus-write timing waveforms of 8085 multiplexed bus.

DYNAMIC ELECTRICAL CHARACTERISTICS - TRANSMIT/RECEIVE, See Figs. 26, 27 and 28.
Voo = 5 V ± 5%, TA = _40° to +85°C ---

LIMITS
CHARACTERISTIC CDP6853 CDP6853-2 CDP6853-4 UNITS

Min. Max. Min. Max. Min. Max.
Transmit/Receive Clock Rate leCY 400· - 325 - 250 -
Transmit/Receive Clock High Time leH 175 - 145 - 110 -
Transmit/Receive Clock Low Time tCL 175 - 145 - 110 -
XTLI to TxD Propagation Delay too - 500 - 410 - 315 ns
RTS Propagation Delay tOLY - 500 - 410 - 315
IRQ Propagation Delay (Clear) tiRO - 500 - 410 - 315
RES Pulse Width IRES 400 - 300 - 200 -

(t..t. = 10 to 30 ns)
"The baud rate with external clocRfng is: Baud Rate= _

16 x Tcey
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Features
• 10-Blt Resolution
• 8-Blt Mode for single Data Byte Transfers
• SPI (Serial Peripheral Interface) Compatible
• Operates Ratlometrlcaily Referencing VDD or an External Source
• 14J.ls 10-Bit Conversion Time
• 8 Multiplexed Analog Input Channels
• Independent Channel Select
• Three Modes of Operation
• On Chip Oscillator
• Low Power CMOS Circuitry
~ Intrinsic Sample and Hold
• 16 Lead Dual-ln-L1ne Plastic Package
• 20 Lead Dual-ln-L1ne Smail Outline Plastic Package

m HARRIS CDP68HC68A2

osc , voo

AI'

AI2

MOSl AI3

AI4

AIS

AIOI
AleEXT.REF.

vss e

Description
The CDP68HC68A2 is a CMOS 8-bit or 10-bit successive
approximation analog to digital converter (ND) with a standard
serial Peripheral Interface (SPI) bus and eight multiplexed analog
inputs. Voltage referencing is user selectable to be relative to
either VDD or analog channel 0 (AIO). The analog inputs can
range between VSS and VDD.

The CDP68HC68A2 employs a switched capacitor, successive
approximation NO conversion technique which provides an
inherent sample-and-hold function. An onchip Schmitt oscillator
provides the' internal timing for the AID converter. The Schmitt
input can be externally clocked or connected to a single, external
capacitor to form an RC oscillator with a period of approximately
10-30ns per picofarad.

Conversion times are proportional to the oscillator period. At the
maximum specified frequency of 1Mhz, 10-bit conversions take
14 microseconds per channel. At the same frequency, 8-bit
conversions consume 12 microseconds per channel.

The versatile modes of the CDP68HC68A2 allow any combina-
tion of the eight input channels to be enabled and anyone of

the selected channels to be specified as the "starting" channel.
Conversions proceed sequentially beginning with the starting
channel. Nonselected channels are skipped. Modes can be
selected to: sequence from channel to channel on command;
sequence through channels automatically, converting each
channel one time; or sequence repeatedly through all channels.

The results of 10-bit conversions are stored in 8-bit register
pairs (one pair per channel). The two most significant bits
are stored in the first register of each pair and the eight least
significant bits are stored in the second register of the pair. To
allow faster access, in the 8-bit mode, the results of conversions
are stored in a single register per channel.

A read-only STATUS register facilitates monitoring the status of
conversions. The STATUS register can simply be polled or the
INT pin can be enabled for interrupt driven communications.

The CDP68HC68A2 is available in a 16 lead dual-in-Iine plastic
package (E suffix) or in a 20 lead dual-in-line small outline
plastic package (M suffix).

"USED AS VOLTAGE INPUT
IN EXTERNAL REFERENCEMODE.

-re
ANALOG INPUTS

diJ G
CAUTION: These devices are sensitive to electrostatic discharge. Users should tallow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1994
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VDD

INT All

MISO AI2

MOSI AI3

NC

NC

SCK AI4

CE 8 AI5

AIO! AI6EXT.REF.

VSS 1 AI7

OSC (1) Oscillator (Input/Output)

This pin is user programmable. In the "external" mode, the
clock input for the successive approximation logic is
applied to OSC from an external clock source. The input is
a Schmitt trigger input which provides excellent noise
immunity. In the "internal" mode, a capacitor is connected
between this pin and a power supply to form a "one pin
oscillator". The frequency of the oscillator is inversely
dependent on the capacitor value. Differences in period,
from one device to another, should be anticipated. Systems
utilizing the internal oscillator must be tolerant of
uncertainties in conversion times or provide trimming
capability on the OSC capacitor. See Figure 7 for typical
frequencies versus capacitance.

INT (2) Interrupt (Open Drain Output)

INT is used to signal the completion of an A/D conversion.
This output is generally connected, in parallel with a pullup
resistor, to the interrupt input of the controlling
miGroprocessor. The open drain feature allows wire-
NOR'ing with other interrupt inputs. The inactive state of INT
is high impedance. When active, INT is driven to a low level
ou':put voltage. The state of INT is controlled and monitored
by bits in the Mode Select and Status Registers.

MISO (3) Master-In-Slave-Out (Output)

Se'ial data is shifted out on this pin. Note: data is provided
most significant bit first.

Serial data is shifted in on this pin. Data must be supplied
most significant bit first. Note: this is a CMOS input and
must be held high or low at all times to minimize device
current.

SCK (5) Serial Clock (Input)

Serial data is shifted out on MISO, synchronously, with each
leading edge of SCK. Input data from the MOSI pin is
latched, synchronously, with each trailing edge of SCK.

An active HIGH device enable. CE is used to synchronize
communications on the SPI lines (MOSI, MISO, and SCK).
When CE is held in a low state, the SPI logic is placed in
a reset mode with MISO held in a high impedance state.
Following a transition from low to high on CE, the
CDP68HC68A2 interprets the first byte transferred on
the SPI lines as an address. If CE is maintained high,
subsequent transfers are interpreted as data reads or
writes.

AIO/EXT REF (7) Analog Input O/External Reference
(Input)

This input is one of eight analog input channels. Its function
is selectable through the Mode Select Register (MSR). If VR
is set high in the MSR, AID/EXT REF provides an external
voltage reference against which all other inputs are
measured. AID/EXT REF must fall within the VSS and VDD
supply rails. If VR is set low in the MSR, VDD is used as the
reference voltage and AID/EXT REF is treated as any other
analog input (see AI1-7).

A11-7 (9-15) Analog Inputs 1-7 (Inputs)

Together with AID/EXT REF, these pins provide the eight
analog inputs (channels) which are multiplexed within the
CDP68HC68A2 to a single, high-speed, successive
approximation, A/D converter. A11-7 must fall within the
VSS and VDD supply rails.

VSS (8) Negative Power Supply

This pin provides the negative analog reference and the
negative power supply for the CDP68HC68A2.

VOO (16) Positive Power Supply

This pin provides the positive power supply and, depending
on the value of the VR bit in the MSR, the positive analog
reference for the CDP68HC68A2.



Maximum Ratings Absolute Maximum Values

DC Supply Voltage Range,(VDD) ..•.•............. -0.5Vto +7V
(Voltage Referenced to VSS Terminal)

Input Voltage Range, All Inputs -0.5V to VDD +0.5V
DC Input Current, Any One Input. ±1 OmA
Power Dissipation Per Package (PO)
TA = -400C to +600C (Package Type E) 500mW
TA = +600C to +850C (Package Type E) Derate Linearly at

12mW/oC to 200mW
TA = -40°C to +700C (Package Type M)* ...•......... 400mW
TA = -700C to +850C (Package Type M)* ..... Derate Linearly at

6.0mW/oC to 310mW

Device Dissipation Per OutputTransistor •.•.............. 40mW
TA = Full Package Temperature Range (All Package Types)

Operating Temperature Range (TAJ ..........•. -400C to +850C
Storage Temperature Range (TSTG) -650C to +1500C
Lead Temperature (During Soldering) .........••....... +2650C
At Distance 1/16 ± 1/32 In. (1.59 ± 0.79mm) From Case for
10s Max

Recommended Operating Conditions TA = -400C to +850C. For maximum reliability, device should always be
operated within the following ranges:

LIMITS

CHARACTERISTIC MIN. I MAX. UNITS

DC Operating Voltage Range 3 I 6 V

TEST LIMITS

CHARACTERISTICS CONDITIONS MIN. T TYP. T MAX. UNITS

ACCURACY
Differential Linearity Error 10-BitMode ±1.25 ±2 LSB
Integral Linear Error 10-BitMode ±1.25 ±2 LSB
Offset Error 10-Bit Mode -1 3 4 LSB
Gain Error 10-BitMode -1 1 2 LSB
ANALOG INPUTS: AIOTHRU AI7
Input Resistance In Series With Sample Caps 85 n
Sample Capacitance During Sample State 400 pF
Input Capacitance During Hold State 20 pF

Input Current @ VIN = VREF+ During Sample +30 ~A
During Hold or Standby State ±1 ~

Input + Full Scale Range Vss VDD+·3 V
Input Bandwidth (3d B) From Input RC Time Constant 4.68 MHz
Input Voltage Range: AIO VR=1 3.0 - VDD V
DIGITAL INPUTS: MOSI, SCK, CE, TA = -40°C to +850C .
High Input Voltage VIH VDD=3t06V 70 %ofVDD
Low Input Voltage VIL VDD=3t06V 30 %ofVDD
Input Leakage ±1 ~
Input Capacitance TA=+250C 10 pF
DIGITAL OUTPUTS: MISO,INT, TA = -400C to+850C
High Level Output VOH,MISO ISOURCE6mA 4.25 V
Low Level Output VOL, MISO, INT ISINK=6mA 0.4 V
3 State Output Leakage lOUT, MISO INT ±10 ~A
TIMING PARAMETERS TA - -400C to +850C
Oscillator Frequency fSAMPLE 10-Bit Mode T T 1 MHz
Conversion Time 10-BitMode 14 Oscillator Cycles
(Including Sample Time) 8-Bit Mode 12 Oscillator Cycles
Sample Time (Pre-Encode) 8 Time Constants (8t) Required First 1.5 Oscillator> 8t
Serial Clock (SCK) Frequency 1.5 MHz
SCK Pulse Width Tp Either SCKA or SCKB 150 ns
MOSI Setup Time TDSU Prior to Leading Edge ofTp 60 ns
MOSI Hold Time TDH After Leading Edge ofTp 60 ns
MISO Rise & Fall Time 200pF Load 100 ns
MISO Propagation Delay TDOD From Trailing SCK Edge 100 ns
100 VDD - 5 Volts, Continuous Operation 1.4 2 mA
100 Voo = 3 Volts, Continuous Operation 0.7 1.2 mA
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Notational Conventions
Throughout this specification the following terms and
notational conventions are used:

A2 the CDP68HC68A2
$xx a hexadecimal number - e.g. $3f

Overview
From the programmer's perspective, the A2 is comprised
of three control registers (Mode Select Register - MSR,
Channel Select Register - CSR, and Starting Address
Register - SAR), a status register (SR), an array of eight
pairs of Data Registers, and one non-addressable, internal
register (Channel Address Register). See Figure 2.

The A2 contains a high speed, 10-bit, successive approxi-
mation, analog to digital converter (A to D). The input to the
A to D can be anyone of the A2's eight analog inputs (AIO
through AI7). The contents of the CAR determine which
analog input is connected to the A to D. The result of each
analog to digital conversion is written to the Data Register
array. The Data Register array is also addressed by the
contents of the CAR, providing a one to one correspond-
ence between each analog input and each Data Register
pair.

The contents of the CAR are also used during Data Register
reads to address the Data Register array. The CAR is
automatically jammed with the correct address when an
Address/Control Byte is sent to the A2. A second means,to
initialize the CAR, is by writing to the SAR.

Normal procedure for programming the A2 is to first select
the desired hardware mode by writing to the MSR. The
"active" analog channels are then specified by writing to the
CSR (channels not selected In the CSR are skipped during
conversions and burst mode reads). Finally, a write to the
SAR initializes the CAR (designating the first channel to
convert) and initiates the ND conversions.

Polling of the SR or hardware interrupts can be used to
determine the completion of conversions.

The converted data is read from the data registers. In eight
bit mode, a single register is read for each channel of
interest. In ten bit mode,two registers are read per channel.

Serial Communications
Hardware Interface

All communications between the A2 and the controlling
processor are carried out over the Serial Peripheral
Interface (SPI) bus lines (MOSI, MISO, SCK, and CE). The
SPI bus is directly compatible with the SPI facilities of
Harris' 68HC05 microcontrollers. Data is transmitted over
the MISO and MOSIlines synchronous with SCK. Transfers
are done most significant bit first.

The A2 acts as a "slave" device. The controlling "master"
signals the A2 that a SPI transfer is to take place by raising
CE and clocking SCK. A single shift register is used for
transferring data in and out of the A2. Whenever CE and
SCK are activated, data is shifted from the master to the
A2 over the Master-Out-Slave-In (MOSI) line and,
simultaneously, during read operations, data is shifted to
the master from the A2 over the Master-In-Slave-Out
(MISO) line. Note that SCK must be provided by the master
for both reads and writes.

To accommodate various hardware systems, the A2 can
shift data on either the rising or falling edge of SCK. The
"active" edge is automatically determined by the A2. At the
moment that CE Is first brought to a high level, the state of
SCK is latched. This latched state determines the interpreta-
tion of SCK. If SCK is low when CE is activated, data is
shifted out on MISO on each rising edge of SCK and data is
latched from MOSI on each falling edge of SCK (see SCKa
in Figure 3.). If SCK is high when CE is activated, data is
shifted out on MISO on each falling edge of SCK and data is
latched from MOSI on each rising edge of SCK (see SCKb
in Figure 3.).

$00 HIGH DATA REGISTERa 9=±$01 LOW DATA REGISTERa• Ala•
8 AI1• TO$OE HIGH DATA REGISTER7 AI2

OUT IN 1 AI3
$OF LOW DATA REGISTER7

M AI4
U AIS

DATA REGISTERS X AI6
AI7

$10 MODE SELECT REGISTER

$11 CHANNEL SELECT REGISTER



Hardware Interfacing to 68HC05 Controllers

When interfacing the A2 to 68HC05 controllers, set CPHA = 1
and CPOL = (0 or 1) in the SPI control register. Note that
SCK pulses are generated only when data is written to the
SPI Data Register in a 68HC05. Reading data from or
writing data to the A2 requires writing data to the SPI Data
Register. The data will be ignored by the A2 for read
operations. The read data is available to the 68HC05 in
the SPI Data Register when SPIF is true in the SPI Status
Register.

Hardware Interfacing to Non-68HC05 Controllers

Most popular microcontrollers have a synchronous commu-
nications facility which can be adapted to work with the A2.
Those that don't can be easily interfaced using port lines to
synthesize a SPI bus.

Software Interface

Reading and writing to the A2 can be performed in either
single byte or multiple byte (burst) modes. Both modes
begin the same way: a positive transition is applied to CE (if
CE is high, it must first be brought low, then returned high);
an address/control byte is transferred (requires 8 clocks on
SCK and 8 bits of data on MOSI); and the first byte of data is
transferred (requires 8 clocks of SCK). In the case of single
byte mode, the transfer is complete. For multiple byte
transfers, each series of 8 pulses on SCK produces another
8 bit transfer (see Figure 4.)

The format of the address/control byte is shown in Figure 5.
The most significant bit is the R/W bit. When R/W is 0, read
operations are to be performed. If R/W is 1, write operations
are to be performed. AO through A4 specify the register to
access. Data Registers are mapped to address $00 through
$OF. The Control and Status Registers are at locations $10
through $13 (see Figure 2.).

When transferring multiple bytes of data, the type of transfer
- read or write - is fixed by bit seven of the initial address/
control byte. After the initial data transfer, the address will
automatically be adjusted for each subsequent transfer.

When reading Data Registers in the 8 bit mode, each read
will advance the address by two, to the next (as specified in
the CSR) active channel's Low Data Register. In the 10 bit
mode, following a read of a High Data Register, the address

is advanced to the Low Data Register of the same channel.
Reading the Low Data Register then increments the read
address to the next (as specified in the CSR) active
channel's High Data Register. Following a read of the last
(closest to 7) active channel's Data Register(s), the address
recycles to the first (closest to 0) active channel's Data
Register(s).

MQSI ~ ADDRESS BYTE I_D_A_T_A_B_YT_E_~

_____ H_'-_Z ~( __ R_EA_D__ )

TRANSFER CYCLE:

PHASE:

(4b) Multiple (N) byte Transfer. (Efficient Device Communication
Requiring N+1 SPI Transfers)

FIGURE 4. TIMING DIAGRAMS FOR (4a) SINGLE BYTE
TRANSFER AND (4b) MULTIPLE (N) BYTE
TRANSFER.

When reading or writing control registers, the address will
increment to the next register after each transfer. Once
address $13 has been reached no more increments are
performed. This facilitates polling of the Status Register
(SR) which is located at address $13. If the A2 remains
selected following a read of SR, each successive 8 bit
transfer will read the SR again without the need for an
address/control byte.
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IntlaJizing the A2

The A2 is equipped with a power on reset circuit which clears
the MSR to all O's. This ensures that INT is in a high
impedance state and conversions are inhibited. The contents
of all other registers are unknown until explicitly initialized. No
other provisions are made for resetting the A2.

Systems which can be reset after power up must reset the A2
by explicitly writing O's to the MSR. Designs which utilize the
INT line must be certain that the MSR is cleared, or the A2 is
initialized to a known state, before enabling interrupts.

It is good practice to include code which initializes the
A2, to a known state, at the earliest practical point In
systems which utilize INT, if a system reset occurs after
power-up, A2 initialization code must be executed
before processor interrupts are enabled.

Address/Control Byte

The Address/Control Byte is a dual purpose word which
performs register addressing and read/write control. The
Address/Control Byte is the first byte transferred to the A2
following activation of CEo If CE is active, it must first be
brought low, then reactivated prior to transferring an
Address/Control Byte.

FIGURE 5. ADDRESS/CONTROL BYTE

The most significant bit (MSB) of the Address/Control byte is
FVW. This bit is used to cntrol the flow of data during the
subsequent SPI data transfers.lfRIW is a 0, reads take place.
If RIW is a 1, writes take place. During read transfers, data is
shifted out on MISO. During writes, data is shifted in on MOSI
and MISO is held in a high impedance state.

The least significant five bits (AO through A4) provide the read
address. Bits 5 and 6 are not required and can be sent as
either 0 or 1 (O's are assumed throughout this specification).
When addressing Data Registers in a bit mode, AO is inter-
nally forced to a 1. Attempting to read a High Data Register in
a bit mode will result in a read of the Low Data Register (after
which the address will advance to the Low Data Register of
the next active channel).

CAUTION: When addressing Data Registers, the user
must ensure that the contents of the CAR match the
address portion of the Address/Control Byte. Failure to
do so may result in corrupted data. This condition
is generally met in Modes 1 and 2. When running in
Mode 3 special care must be taken to meet this
requirement. See further explanation under SAR, SR,
Modes, and Applications Information.

Mode Select Register (MSR)

Address/Control: (RIW)OO10000 - $10
ReadlWrite: Yes

This read/write register is used to select the various modes of
operation of the A2. Bits 6 and 7 are "don't cares" and can be
set as either 1 or o. The functions of bits 0 through 5 are as
follows:

EXT (External Oscillator): EXT is used to select between an
external or an internal (single pin oscillator) clock source at
pin 1 (OSC) of the A2. If EXT is low, an external clock is
selected and the OSC pin functions as an input. If EXT is
high, an internal clock is selected and the OSC pin functions
as a one pin oscillator. See Figure 7 for typical frequencies of
the internal oscillator.

VR (Voltage Reference): VR is used to select the source of
the voltage reference. When VR is 0, VDD is used as the full
scale reference for the ND converter. When VR is 1, the
voltage at AIO serves as the full scale reference for the ND
converter. With VR = 1, the digital reading of any active
channel which exceeds the AIO reference voltage will be
"clipped" to the full scale value of $3FF ($FF for a bit mode).

M8 (Eight Bit Mode): This bit selects the 10-bit or a-bit
mode of operation. A low (0) in this bit enables the 10-bit
mode, while a high (1) enables the a-bit mode.

IE (Interrupt Enable): IE is used to enable the INT output
function on pin 2. A low (0) disables the interrupt function and
maintains INT in a high impedance state. A high enables the
interrupt function, allowing INT to be driven low at the appro-
priate times in Modes 1 and 2.

M1, MO (Mode Select 1 and 0): These two bits are used to
select the conversion mode of the ND converter. The modes
are as follows:

M1 M2 MODE DESCRIPTION

0 0 0 Idle

0 1 1 Single Conversion

1 0 2 Single Scan

1 1 3 Conti nuous Scan

Channel Address Register (CAR)

Address/Control: Not Addressable

The CAR contains the address of the next channel to convert
during Modes 1,2, and 3. During multiple byte reads of the
Data Registers, the CAR contains the address of the channel
to read and is advanced, to the next higher active channel,
following each read. When advancing, the CAR skips any
channel not selected in the CSR. After incrementing to the
highest active channel, the CAR will return to the lowest
active channel.

The CAR is not directly accessible. It can be jammed via a
write to the SAR or by transmitting an Address/Control Byte
which addresses any Data Register. Note: addressing a
Data Register to set the CAR is valid only under certain
circumstances - see the following boxed caution. When
jamming the CAR via the SAR, the specified channel does
not need to be selected In the CSR. The CAR's contents are



read as part of the SR. See the descriptions of the SAR and
the SR for details.

CAUTION: When addressing Data Registers, the user
must ensure that the contents of the CAR match the
address portion of the Address/Control Byte. Failure
to do so may result in corrupted data. This condition
is generally met in Modes 1 and 2. When running in
Mode 3 special care must be taken to meet this
requirement. See further explanation under SAR, SR,
Modes, and Applications Information.

Channel Select Register (CSR)

Address/Control: (R/W)OO1 0001 - $11
Read/Write: Yes

This read/write register is used to designate the active
analog input channels. Channels which are not active will
be skipped during conversions and multiple byte reads,
unless specifically selected by writing to the SAR. Selting a
bit high in CSR selects the associated channel, while selting
a bit low deselects the channel. Each Cn bit in the CSR
corresponds to an Aln pin on the A2 device. Example:
selting C7 = C4 = 1 and selting all other bits to 0 will select
AI7 and AI4 as inputs to the A/D multiplexer.

Starting Address Register (SAR)

Address/Control: (R/W)0010010 - $12
Read/Write: Yes

This register is used to enable conversions in all modes and
to set the address of the current channel in the CAR. Prior to,
or simultaneously with, enabling conversions, the CAR must
be set to a known state via the SAR. Once set, the contents of
the CAR determine the first channel to be converted when
conversions are enabled - hence the name "Starting Address
Register". The CAR may be jammed with the number of a
channel which is not selected in the CSR. After the specified
channel is converted, subsequent conversions proceed in
ascending order, skipping channels not selected in the CSR.
Therefore, jamming the CAR with a non-selected channel
number will cause a conversion to be performed on that
channel once and only once.

After stopping a Mode 2 or 3 conversion (by selting ENC
low), the CAR must be jammed to match the channel address
prior to initiating Data Register reads. If an Address/Control
Byte is sent to begin reads from a Data Register other than
the one currently addressed by the CAR, the contents of the
Data Register may be corrupted. If the CAR contents are
known, single or multiple byte reads can be properly made,
by sending a matching Address/Control Byte.

Bits 5 and 6 in the SAR are "don't cares" and can be set to
either D's or 1's. The functions of the remaining bits are
as follows:

ENC (Enable Conversions): ENC is used to, synch-
ronously, switch on and off the successive approximation A
to D converter. When this bit is set high, the appropriate
conversion operation (as defined in the MSR) is initiated.
Selting the ENC bit low stops the conversion operation. If a
channel is being converted when ENC is cleared, the
conversion of that channel will complete and further
conversions will be inhibited.

SAE (Starting Address Enable): If the SAR is wrilten to,
with the SAE bit high, the CAR is jammed with the value
defined by CA2, CA1, and CAD. If SAE is low, the CA2, CA1,
and CAD bits are ignored.

CA2, CA1, CAO (Channel Address): When writing to the
SAR with SAE high, CA2, CA1, and CAD form a 3 bit
channel address which is used to set the CAR and select
the first channel to be converted or read. Reading the SAR
returns the previously wrilten values for these three bits. To
determine the contents of the CAR a read of the Status
Register (SR) must be performed.

i=i/L (High/Low): For most applications, the SAR should be
wrilten with H/L as a O. In combination with CA2, CA 1, and
CAD, this bit is used to select a specific High or Low Data
Register. H/L only has significance in 1O-bit mode. The 10-
bit read sequence is High Data Register followed by Low
Data Register for each channel read. When jamming the
CAR prior to reads, H/L should be set low, unless the user
specifically wants to skip the first High Data Register. When
read, this bit, indicates whether the next Data
Register read will access the High or Low Data Register. In
a-bit mode, H/L is ignored by the A2.

Status Register (SR)

Address/Control: 00010011 - $13
Read/Write: Read Only

This is a read only register used to monitor the status of the
A to D converter. If an Address/Control Byte of $13 is sent
to the A2, the Status Register will be addressed and will
remain addressed until the CE pin is brought low. This
provides efficient polling of the SR by allowing multiple
reads of the SR with only one Address/Control Byte
transmission.

Bits 0 and 4 of the SR are always read as lows. The
significance of each of the other bits is:

INT (Interrupt): In Modes 1 and 2, this bit is set high under
the same conditions that the INT pin would be activated (see
Conversion Modes). Once set, the INT bit can be cleared be
reading the SR, reading any Data Register, or writing to the
MSR or CSR. The INT bit is not affected by the state of the IE
bit in the MSR.

ACC (All Conversions Complete): When high, this status
bit indicates that conversions have been completed on all
channels selected in the CSR. It is cleared by reading any of
the Data Registers or by writing to the MSR or CSR. In 10-
bit mode, ACC = 1 implies that the DV bits of all active
channels are true (see Data Registers). This bit is often
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used in Modes 2 and 3. In Mode 1, ACC will only be set if
conversions are explicitly invoked (via writes to the SAR) for
each channel selected in the CSR.

CIP (Conversion In Progress): This bit is logically high
when a conversion is initiated and goes low when a
conversion completes. In the scanning modes, Modes 2
and 3, CIP will go low momentarily between successive
channels and cannot be used in lieu of ACC in Mode 2.

NOTE: Following a write of $00 to the SAR, to
terminate Mode 3 conversions, CIP may remain high
until cleared with a write to the MSR or the CSR or
with the read of a Data Register or with a write to the
SAR with ENC or SAE = 1. CIP = 1 is not a true
indication of an ongoing conversion. See "Mode 3 -
Continuous Scan".

CA2, CA1, CAO (Channel Address Register): This three
bit binary number indicates the current contents of the CAR.
The CAR is originally set by the user via the SAR (see SAR).
The CAR is automatically incremented following reads of
Data Registers and following conversions in the scanning
modes (Modes 2 and 3). The Status Register can be read at
any time. Reading CA2 - CAO during Modes 2 and 3 will
produce changing channel addresses as the conversions
proceed.

Data Registers

Address/Control: OOOOOOO(H/L)to 0000111 (H/L) -
$00 to $OF

ReadIWrite: Read Only

High
H/L=O 7 6 5 4 3 2 0

Low
Fi/L = 1

7 6 5 4 3 2 0

The Data Registers are used to store the results of A to D
conversions. There are two registers, a High Data Register
and a Low Data Register, associated with each channel.

In a-bit mode, the High Data Registers are inaccessible,
an::! each Low Data Register holds the a-bit result of the
most recent conversion of its associated channel. The
values range from $00 (Aln = VSS) to a full scale reading of
$FF. During multiple byte Data Register reads, the address
(held in the CAR) is advanced to the Low Data Register of
the next active channel (as specified in the CSR) following
ea,;h read.

In 10-bit mode, bits 0 and 1 of the High Data Register
together with the contents of the Low Data Register hold the
result of the most recent conversion to the associated
channel. The values range from $000 (Aln = VSS) to a full
scale reading of $3FF. During multiple byte Data Register
reads, the address (held in the CAR) is automatically
advanced from the High Data Register to the Low Data
Register. Following a read of the Low Data Register, the
address advances to the High Data Register of the next
active channel (as specified in the CSR).

Two status flags are maintained for each channel. In 10-bit
mode these status flags are provided in the High Data
Register. In a-bit mode they are not available to the user.
Their functions are:

DV (Data Valid): DV indicates whether the corresponding
channel has been converted since it was last read. DV is set
upon completion of a conversion on the corresponding
channel. DV is cleared by reading the Data Register or by a
write to the MSR or the CSR.

NOTE: A write to the SAR does not clear the DV flag
for each channel. This implies that if: conversions
are completed on all registers selected in CSR;
conversions stopped; an incomplete read of the Data
Registers is performed; and conversions reinitiated
with a write to the SAR - some DVs will still be set. In
Mode 2, which terminates when all DVs are true (ACC
goes true), unread channels may not be converted,
unless CSR is written to, before setting ENC.

DOV (Data Overrun): DOV indicates that more than one
conversion has been performed on a channel since it was
last read. This bit is only valid in Modes 1 and 3. DOV is
cleared by reading the Data Register or by performing a
write to the CSR or the MSR.

Conversion Modes of the
CDP68HC68A2
Mode 0 - Idle: On power_up, the MSR is reset to all O's
placing the A2 into Mode O. After power_up, the user can
effectively reset the A2 by selecting Mode 0 via the MSR.
Setting the A2 to Mode 0, at any time. will abort any
current conversions and force the INT pin to a high imped-
ance state. In mode 0, if EXT is high in the MSR, the one pin,
internal oscillator is placed in a low power, shutdown mode
and internal clocking of the A to D converter is inhibited. If
EXT is low in the MSR, internal clocking of the A to D
converter is inhibited.

Mode 1 - Single Conversion: In Mode 1, conversions are
performed on command. After setting Mode 1 in the MSR,
a write to the SAR with ENC high will initiate a conversion
on the channel currently selected by the CAR. Note: this
channel does not have to be active in the CSR. When using
the internal oscillator, the oscillator is enabled. The CIP flag
in the SR will be set when the conversion begins.

Upon completion of the conversion, the INT bit in the SR will
be set, the CIP flag will be cleared, and, if IE is true in the
MSR, the INT pin will be driven low (if all channels specified
in the CSR have been converted since the last Data
Register read the ACC bit in the SR will also be set). Finally,
if it's active, the internal oscillator will be stopped.

Another conversion can be initiated with a write to the SAR.
However, the normal procedure is to read the results of the
first conversion. This does two things: first it clears the INT
flag (the INT pin is returned to a high impedance state);
second a conversion is automatically started on the next
channel selected in the CSR. This read-convert pattern can
be continued indefinitely.

When reading Data Registers in Mode 1, the user can be
certain that the contents of the CAR equal the channel



number which was just converted. Thus the Address/
Control Byte sent prior to the read will automatically match
the CAR. If a read from a Data Register, other than the one
just converted, is performed, the CAR must be set to the
desired register prior to sending the Address/Control Byte.
Setting CAR is done by writing the SAR with ENC = 0,
SAE = 1, and the CA2 - CAO bits equal to the desired
channel.

Mode 2 - Single Scan: In Mode 2, when ENC is set in the
SAR,conversions are performed on all channels selected in
the CSR. Conversions begin on the channel specified by the
CAR (this channel does not have to be active in the CSR)
and proceed in ascending order until all channels selected
in the CSR have been converted. If the starting channel
is not the lowest active channel, when the highest active
channel is done converting, the CARadvances to the lowest
active channel and continues from that point until all
channels have been converted once.

When ENC is set in the SAR, the internal clock is activated
(if selected), the CIP flag is set in the SR, and conversions
begin. The CIP flag doesn't remain high, as it momentarily
goes low between each channel conversion.

When all channels have been converted the INT and ACC
flags in the SR are set, the INT pin is driven low (if IE is true
in the MSR), the CIP flag is cleared, and, if active, the
internal oscillator is disabled.

Data Registers can safely be read after all channels have
been converted. If the starting channel was a channel active
in the CSR then the CAR will once again be pointing to that
channel (providing all channels had been read or CSR or
MSR written since the last set of conversions - see Note
below). If a read from a Data Register, other than the one
first converted, is performed, the CAR must be set to the
desired register prior to sending the Address/Control Byte.
Setting CAR is done by writing the SAR with ENC = 0,
SAE = 1, and the CA2 - CAO bits equal to the desired
channel.

NOTE: a write to the SAR does not clear the DV flag
for each channel. This implies that if: conversions
are completed on all registers selected in CSR;
conversions stopped; an incomplete read of the Data
Registers is performed; and conversions reinitiated
with a write to the SAR - some DVs will still be set. In
Mode 2, which terminates when all DVs are true (ACC
goes true), unread channels may not be converted
unless CSR is written to before setting ENC.

There are two ways to prematurely stop conversons in
Mode 2. The first is to perform any "abort" action (seeAbort
Modes). Performing an abort, may produce spurious
conversion values. The second, and preferred means to
stop a Mode 2 conversion, is to clear the ENC bit by writing
a $00 to the SAR. Clearing ENC will synchronously stop
conversions at the end of the current conversion. When
prematurely stopping coversions, CIP is not valid. The
CIP flag cannot be used to determine when the current
conversion is complete. Instead, a time delay equal to one
conversion time must be built into the software. The
appropriate delay will ensure the last conversion is
complete before Data Register reads begin.

Prematurely stopping the conversions leaves the CAR in an
unknown state. One remaining task, before Data Registers
are read, is to be certain the contents of the CAR match the
address sent in the Address/Control Byte. This is done be
jamming the CAR with a write to the SAR with ENC = 0,
SAE = 1, and CA2 - CAO equal to the desired channel
address.

Mode 3 - Continuous Scan: In Mode 3, when ENC is set
in the SAR, conversions are performed on all channels
selected in the CSR. Conversions begin on the channel
specified by the CAR (this channel does not have to be
active in the CSR) and proceed in ascending order for all
channels selected in the CSR. Each time the highest active
channel is done converting, the CAR advances to the lowest
active channel and continues from that point.

When ENC is set in the SAR, the internal clock is activated
(if selected) and conversions begin.

Whenall channelshavebeenconvertedonetime the ACCflag
in the SR is set. This is the only valid status flag in Mode 3.
The CIP flag is not valid in Mode 3. The INT flag and the INT
pin are both held in a disabled state during Mode 3.

Data Registers cannot be read until Mode 3 conversions
have been terminated. There are two ways to stop
conversons in Mode 3. The first is to perform any "abort"
action (see Abort Modes). Performing an abort, may
produce spurious conversion values. The second, and
preferred means to stop a Mode 3 conversion, is to clear the
ENC bit by writing a $00 to the SAR. Clearing ENC will
synchronously stop conversions at the end of the current
conversion. CIP is not valid following the clearing of ENC.
The CIP flag cannot be used to determine when the current
conversion is complete. Instead, a time delay equal to
one conversion time must be built into the software. The
appropriate delay will ensure the last conversion is
complete before Data Register reads begin.

The Data Registers can safely be read after ENC is cleared
and one conversion time has elapsed. One remaining task
is to be certain the contents of the CAR match the address
sent in the Address/Control Byte. This is done be jamming
the CAR with a write to the SAR with ENC = 0, SAE = 1,and
CA2 - CAOequal to the desired channel address.

Abort Modes - Any active mode can be aborted by anyone
of the following means:

1. A write to the MSR

2. A write to the CSR

3. A write to the SAR with ENC and/or SAE = 1

4. A read of any Data Register

The contents of Data Registers are not guaranteed
following an abort. Writing a $00 to the MSR is equivalent to
a reset.

To synchronously stop conversions in Modes 2 or 3 set the
SAR to $00 (See Mode 2 and Mode 3).
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Shown in Figure 6 is a simplified equivalent circuit repre-
senting the input to the Analog to Digital Converter through
the multiplexer as seen from each Aln pin.

01
R1 C1

SIGNAL
as.n. 400pF

INPUT

V1
02 2.5V

FIGURE 6. EQUIVALENT CIRCUIT FOR SIGNAL INPUT
(a) DURING SAMPLE TIME AND (b) DURING
HOLD AND IDLE TIME

Due to the nature of the switched capacitor array used by
the successive approximation A to 0, two important points
are noted here:

1. A properly of a capacitive input is the intrinsic sample
and hold function. This provides all that is necessary to
accurately sample a point on an input waveform within
the input bandwidth shown in the specifications (under
1.S conversion oscillator cycles).

2. The input to the capacitor network appears as an RC
network with a time constant and therefore places
constraints on the source impedance. The charging time
and therefore the accuracy of the conversion will be
adversely affected by increasing the source impedance.

It is recommended to set the conversion oscillator frequency
in accordance with the input impedance in order to allow
sufficient time (the 1.S Tosc cycles) to sample a changing
waveform through the modeled input low pass filter network
which includes the input source in a series circuit with the
internal impedance.

The time constant ('1:)for the input network is REFFCNET.

REFF = RS + RNET, CNET = 400pF, and RNET = SOO.

1:= REFFCNET = (RS + SOO)400pF.

81: is required during the first 1.S sample clock cycles to
sufficiently encode 10-bit conversion. Therefore, 1.S TS ~
8t and TS ~ S.33 REFFC.

TS = 1/fSAMPLE, then fSAMPLE $ [S.33 (RS + 8SO)
400pFI-1, fSAMPLE $ (4.688 x 108)/RS + 8SO).

For example, if RS = 1000, fSAMPLE must be less than
432kHz, and TS = 2.3I1S.This yields a 10-bit conversion
time of 3211S.An internal Casc ~ 68pF, see chart.

The maximum frequency is limited by the device specifica-
tion (see characteristics) and by the (RS) Series input
resistance:

Figure 8 shows a simplified model of the Schmitt oscillator
used to help familiarize the user with its operation. Figure 7
shows typical internal oscillator frequency versus
capacitance at S volts and 2SoC.

C(pF) f(MHz) C(pF) f(MHz)

18 1.0-3.0 218 0.148 -.40

38 0.65 - 2.0 318 0.111 -.25

48 0.54 -1.6 409 0.107 - .23

68 0.38-1.1 528 0.072 - .17

118 0.26 - .75 1018 0.040 - .10

FIGURE 7. TYPICAL OSCILLATOR FREQUENCY vs.
CAPACITANCE AT VDD = 5V, TA = 250C

When measuring the oscillator, probe capacitance will
affect frequency. An alternative to direct frequency
measurement of the oscillator input is to measure the
interval between successive interrupts in modes 1 and 2.
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Applications Examples
The following code samples are based on a CDP68HC05
processor. The listings were generated with the Harris
HASM5 assembler for the CDP68HC05 processor. The
examples are based on a system which has CE of the

A2 connected to PAO of the CDP68HC05. Some of the
fundamental SPI communication routines called by the
examples are shown first.

HCA2.inc
Include file with 68HC05A2 definitions and
common subroutines

0000 Section Registers,$OOOO

0000 PortA ds ;PortA
0001 PortB ds
0002 PortC ds
0003 PortD ds
0004 DDRA ds
0005 DDRB ds
0006 DDRC ds
0007 DDRD ds

0008 _Free1 ds 2

OOOA SPCR ds 1 ;SPI Control Register
0040 64 _SPE equ 01000000b ;SPI Enable bit
0010 16 _MSTR equ 00010000b ;SPI Master Mode bit
0004 4 _CPHA equ 00000100b ;SPI CPHA = 1 bit

OOOB SPSR ds 1 ;SPJ Status Register In In
0080 = 128 _SPIF 10000000b ;SPI Flag bit for ANDs, CMPs, etc.

:;:)..J
equ ale(

0007 7 _SPIF equ 7 ;SPI Flag bit for BRSETs & BRCLRs ..Jo::e(w
-J:

OooC SPDR ds ;SPI Data Register
o::Q.w_Ino::-w3iQ.



CDP68HC68A2

**** ••• ****** •• ** ••• *******.*.*.** •••• *.* •••• *.*.***.**** ••• ***
A2 Constants

***** •• ******* •• *••• ******* •• ****** ••• *** **** •• ******** •• ******
0000 0 HC68A2 equ 0 ;A2 is connected to bit 0 of Port A

0080 = 128 A2_Write equ $80 ;Write bit for A2's Address/Control Byte

0010 16 A2_MSR equ $10 ;Mode Select Register
0020 32 A2_notEXT equ 100000b
0010 16 A2_VR equ 010000b
0008 8 A2_M8 equ 001000b
0004 4 A2_IE equ 000100b
0000 0 A2_ModeO equ 0
0001 1 A2_Mode1 equ 1
0002 2 A2_Mode2 equ 2
0003 3 A2_Mode3 equ 3

0011 17 A2_CSR equ $11 ;Channel Select Register

0012 18 A2_SAR equ $12 ;Start Add ress Reg ister
0080 = 128 A2_ENC equ 10000000b
0010 16 A2_SAE equ 00010000b

0013 19 A2_SR equ $13 ;Status Register
0007 7 A2_INT equ 7
0006 6 A2-ACC equ 6
0005 5 A2_CIP equ 5
OOOE 14 A2_CARm equ 00001110b ;CA2 - CAO mask

.*.********* ••• ** •• ***** ••• *** •••••• *** •• ** •• ***.***** •• *•••• *.
Common Subroutines

**••• ******* ••• ***.*** ••••• *** •• ** •• *•••• ***********.* •• ** •• ***
0400 Section Subroutines,$0400

Set-A2_SPI_Mode
0400 A654 Ida #_SPE+ _MSTR+ _CPHA ;Set SPI to Master with CPHA=1,
0402 B70A sta SPCR ;CPOL=O
0404 81 rts

SPI_Xmit
0405 B70C sta SPOR ;send A to SPI device

SPI_wait
0407 OFOBFD brclr __ SPIF, SPSR, SPI_wait ;wait until transmit complete
040A B60C Ida SPOR ;read the returned value into A
040C 81 rts

SelecLA2
0400 1100 bclr HC68A2,PortA
040F 1000 bset HC68A2,PortA
0411 81 rts

In itialize-A2
0412 1100 bclr HC68A2,PortA
0414 1004 bset HC68A2,00RA
0416 81 rts

;turn on PAO output pin to drive
;the A2's CE pin



A2MODE1.S
Demo program for 68HC68A2 in Mode 1

************* Main routine to set Mode 1 and read each channel 1 time
0100 Section code,$0100

0100 CD0412 main jsr Initialize~2 ;turn on PAO
0103 CD0400 jsr Se~2_SPI_Mode ;Setup the 68HC05 SPI control

DoConversions
0106 CD040D jsr Selec~2 ;SettheA2's CE
0109 A690 Ida #A2_MSR+A2_Write ;Send Address/Control Byte to ...
010B CD0405 jsr SPI_xmit ;write to the A2's MSR

;Select Mode 1 and internal clock
010E A629 Ida #A2_notEXT +A2_Mode1 +A2_M8 ;and 8-bit mode
0110 CD0405 jsr SPI_xmit ;send to MSR (A2 increments to CSR)
0113 A6FF Ida #$FF ;select all the analog inputs .
0115 CD0405 jsr SPI_xmit ;send to CSR (A2 increments to SAR)
0118 A690 Ida #A2_ENC+A2_SAE ;jam CAR to 0 and start first conversion
011A CD0405 jsr SPI_xmit ;sendtoSAR

ReadResults
011D AEOO Idx #0 ;set X to first channel number

Read Loop
011F CD0136 jsr Model_poll ;wait until conversion complete
0122 CD040D jsr Selec~2 ;Set the A2's CE
0125 9F txa ;get the current channel number
0126 48 Isla ;shift it left to form Address/Control
0127 CD0405 jsr SPI_xmit ;Byte to read the Data Register, then ..
012A CD0405 jsr SPI_xmit ;read the Data Register and start next...

;conversion (f)(f)
;do something with the read data ;:)-1

CQc:c
-I a:C:Cw-:z:a:c..w_

012D 5C incx ;increment the channel number (f)a:
012E 9F txa ;check if all done -w3;c..
012F A108 cmp #8
0131 25EC blo ReadLoop ;if not, then read another channel

Finis
0133 1100 bclr HC68A2,PortA ;deselect the A2
0135 81 rts

************* Routine to poll A2's Status Register
Model_poll

0136 CD040D jsr Selec~2 ;deselect and select A2
0139 A613 Ida #A2_SR ;Send Address/Control Byte ...
013B CD0405 jsr SPI_xmit ;to read the Status Register

Mode1_waitloop
013E CD0405 jsr SPI_xmit ;Readthe SR
0141 B507 bit #2!A2_'NT
0143 27F9 beq Mode1_waitloop ;Ioop untillNT flag in SR is true
0145 81 rts



A2MODE2.S
Demo program for 68HC68A2 in Mode 2

••••••••• **•• Main routine to set Mode 2 and read each channel 1 time
0100 Section code,$0100

0100 CD0412 main jsr Initialize~2 ;turn on PAO
0103 CD0400 jsr Se~2_SPI_Mode ;Setup the 68HC05 SPI control

DoConversions
0106 CD040D jsr Selec~2 ;Set the A2's CE
0109 A690 Ida #A2_MSR+A2_Wrile ;Send Address/Control Byte to ...
010B CD0405 jsr SPI_xmit ;write to the A2's MSR

;Select Mode 2 and internal clock
010E A62A Ida #A2_notEXT +A2_Mode2+A2_M8 ;and 8-bit mode
0110 CD0405 jsr SPI_xmit ;send to MSR (A2 increments to CSR)
0113 A6FF Ida #$FF ;select all the analog inputs
0115 CD0405 jsr SPI_xmit ;send to CSR (A2 increments to SAR)
0118 A690 Ida #A2_ENC+A2_SAE ;jam CAR to 0 and start first conversion
011A CD0405 jsr SPI_xmil ;sendtoSAR

ReadResults
011D CD0133 jsr Mode2_poll ;wait until all conversions complete
0120 CD040D jsr Selec~2 ;Set the A2's CE
0123 A600 Ida #0 ;send Address/Control Byte to ...
0125 CD0405 jsr SPI_xmit ;read channel 0

0128 AE08 Idx #8 ;use X as loop counter
Read Loop

012A CD0405 jsr SPI_xmit ;read the Data Register
;do something with the read data

012D 5A decx ;decrement the loop counter
012E 26FA bne ReadLoop ;if not done read another channel

Finis
0130 1100 bclr HC68A2,PortA ;deselect the A2
0132 81 rts

•• *** •••••••• Routine to poll A2's Status Register
Mode2_poll

0133 CD040D jsr Selec~2 ;deselect and select A2
0136 A613 Ida #A2_SR ;Send Address/Control Byte ...
0138 CD0405 jsr SPI_xmit ;to read the Status Register

Mode2_waitloop
013B CD0405 jsr SPI_xmil ;ReadtheSR
013E B506 bit *2!A2_ACC
0140 27F9 beq Mode2_waitfoop ;Ioop until ACC flag in SR is true
0142 81 rts



A2MODE3.S
Demo program for 68HC68A2 in Mode 3

···········Main routine to set Mode 3 and read each channel 1 time

0100 Section code,$0100

0100 CD0412 main jsr Initiaiize_A2 ;turn on PAO
0103 CD0400 jsr SeCA2_SPI_Mode ;Setup the 68HC05 SPI control

DoConversions
0106 CD040D jsr SelecCA2 ;Set the A2's CE
0109 A690 Ida #A2_MSR+A2_Write ;Send Address/Control Byte to...
010B CD0405 jsr SPI_xmit ;write to the A2's MSR;

;Select Mode 3 and internal clock
010E A62B Ida #A2_notEXT +A2_Mode3+A2_M8 ;and 8-bit mode
0110 CD0405 jsr SPI_xmit ;send to MSR (A2 increments to CSR)
0113 A6FF Ida #$FF ;select all the analog inputs
0115 CD0405 jsr SPI_xmit ;send to CSR (A2 increments to SAR)
0118 A690 Ida #A2_ENC+A2_SAE ;jam CAR to 0 and start first conversion
011A CD0405 jsr SPI_xmit ;send to SAR

StopConversions
0110 CD0156 jsr Mode3-POII ;wait until all channels converted ...

;at least one time
0120 CD040D jsr SelecCA2 ;Setthe A2's CE
0123 A692 Ida #A2_Write+A2_SAR ;send Address/Control Byte to ...
0125 CD0405 jsr SPLxmit ;write to the SAR
0128 A600 Ida #0 ;Set SAR to 00 to stop conversions
012A CD0405 jsr SPLxmit
012D CD0150 jsr Conversion Delay ;Wait for last conversion to finish

JamCAR ;We don~ know where the CAR stopped ...
0130 CD040D jsr SelecCA2;so, set the A2's CE, then ...
0133 A692 Ida #A2_Write+A2_SAR ;send Address/Control Byte to...
0135 CD0405 jsr SPI_xmit ;write to the SAR
0138 A610 Ida #A2_SAE ;Jam the CAR to 0
013A CD0405 jsr SPLxmit

ReadResults
013D CD040D jsr SelecCA2 ;Set the A2's CE
0140 A600 Ida #0 ;send Address/Control Byte to...
0142 CD0405 jsr SPI_xmit ;read channel 0

0145 AE08 Idx #8 ;use X as loop counter
ReadLoop

0147 CD0405 jsr SPLxmit ;read the Data Register
;do something with the read data

014A 5A decx ;decrementthe loop counter
014B 26FA bne Read Loop ;if not done read another channel

Finis
014D 1100 belr HC68A2,PortA ;deselectthe A2
014F 81 rts

CIlCll~....I
met
....I a:
etw
-:I:a:l1.w_
CIla:-w5;l1.



0152 5A
0153 26FD
0155 81

0156 CD040D
0159 A613
015B CD0405

015E
0161
0163
0165

CD0405
B506
27F9
81

••••••••• Routine to wait for one conversion time. This routine
needs to be tuned to match the A2's OSC frequency· the
following is an arbitrary delay routine

Conversion Delay
Idx #0

DelayLoop
decx
bne DelayLoop
rts

••••••••• Routine to poll A2's Status Register
Mode3--POII

jsr
Ida
jsr

Select_A2
#A2_SR
SPI_xmit

;deselect and select A2
;Send Address/Control Byte ...
;to read the Status Register

Mode3_waitloop
jsr SPI_xmit
bit #2!A2_ACC
beq Mode3_waitloop
rts



R/W: O=read
1 = write

Mode Select Register (MSR)

Address/Control: (R/W)0010000 - $10
Read/Write: Yes

7

EXT: 0= external oscillator
1 = internal, one-pin oscillator

0= VDD is positive reference
1 = AIO is positive reference

0= 1O-bit Mode
1 = a-bit Mode

IE: 0 = INT pin held in high impedance
1 = INT pin is active

M1,MO: 00 = Idle Mode
01 = Single Conversion
10 = Single Scan
11 = Continuous Scan

Channel Select Register (CSR)

Address/Control: (R/W)0010001 - $11
Read/Write: Yes

Starting Address Register (SAR)

Address/Control: (R/W)001 001 0 - $12
Read/Write: Yes

ENC: 0 = disable conversions
1 =enable conversions

SAE: 0 = ignore CA2, CA 1, and CAO
1 = jam CAR with CA2, CA 1, and CAO

CA2, 3 bit number to jam into CAR when
CA1, SAE= 1
CAO

H/L: This bit should always be set to 0
0= High Data Register
1 = Low Data Register

Status Register (SR)

Address/Control: 00010011 - $13
Read/Write: Read Only

0

7 6 5 4 3 2

INT: 1 = Interrupt condition has occurred

ACC: 1 = All Conversions Complete

CIP: 1 = Conversion In Progress

CA2, Value of CAR
CA1,

0 CAO

Data Registers

Address/Control: OOOOOOO(H/L) to 0000111 (H/L) -
$00 to $OF

Read/Write: Read Only

High
H/L=O

Low
H/L = 1

U)U)=>...1
ale(
...I a:
e(w
-:I:a:Q.w_U)a:-w~Q.



m HARRIS CDP68HC68P1

• Fully Static Operation

• Operating Voltage Range 3-6V

• Compatible with Harris/Motorola SPI Bus

• 2 External Address Pins Tied to VDD or VSS to Allow Up to 4 Devices
to Share the Same Chip Enable

• Versatile Bit-Set and Bit-Clear Capability

• Accepts Either SCK Clock Polarity - SCK Voltage Level Is Latched
When chip Enable Goes Active

• All Inputs are Schmitt-Trigger

• 8-Bit I/O Port - Each Bit can be Individually Programmed as an Input
or Output Via an 8-Bit Data Direction Register

• Programmable On Board Comparator

• Simultaneous Transfer of Compare Information to CPU During Read or
Write - Separate Access Not Required

100
,.

VDO

10, 'S 0'

MISO '4 02

MOSI " 0'

SCK 12 04

CE 11 OS

DO 10 D'

vSS 07

Description
The single port I/O is a serially addressed 8 bit InpuVOutput
port that allows byte or individual bit control. It consists of
three registers, an output buffer and control logic. Data is
shifted in and out of the port via a shift register that utilizes
the SPI (Serial Peripheral Interface) bus. The I/O port data
flow is controlled by the Data Direction Register and data is
stored in the Data Register that outputs or senses the logic
levels at the buffered I/O pins. All inputs, including the serial
interface are Schmitt triggered. The device also features a
compare function that compares the data register and port

pin values for 4 programmable conditions and sets a soft-
ware accessible flag if the condition is satisfied. The user
also has the option of bit-set or bit-clear when writing to the
data register.

The CDP68HC68P1 is supplied in 16 lead, hermetic, dual in
line sidebrazed ceramic (0 suffix), 16 lead dual in line
plastic (E suffix) and 16 lead, surface mount, (small outline),
(M suffix) packages.

Maximum Ratings Absolute Maximum Values

DC Supply Voltage Range,(VDD} -O.SVto +7V
(Voltage Referenced to VSS Terminal)

Input Voltage Range, All Inputs -O.SV to VDD +O.SV
DC Input Current, Any One Input. ..................•.... ±1 OmA
Power Dissipation Per Package (PD)
TA =-400C to +600C (Package Type E) SOOmW
TA = +6QOC to +8SoC (Package Type E) Derate Linearly at

12mW/oC to 200mW
TA =-SSoC to +1000C (Package Type D) SOOmW
TA = +1 OOoCto +12SoC (Package Type D) '" Derate Linearly at

2mW/oC to 200mW
TA =-400C to+600C (Package Type M)* 300mW
TA = +600C to +8SoC (Package Type M)* Derate Linearly at

SmW/oC to 17SmW

Device Dissipation Per Output Transistor 100mW
TA = Full Package Temperature Range (All Package Types)

Operating Temperature Range (TA)
Package Type D -SSoC to +12SoC
Package Type E, M -SSoC to +8SoC

Storage Temperature Range (TSTG) -6SoC to +1S00C
Lead Temperature (During Soldering) +26SoC
At Distance 1/16 ± 1/32 In. (1.S9 ± 0.79mm) From Case for
10s Max



RECOMMENDED OPERATING CONDITIONS AT TA = -400 to +850 C
For mnlmum rellebillty, operetlng conditions should be selected so thet opereUon Is elweys within the following renges:

LIMITS

CHARACTERISTIC ALL TYPES UNITS

MIN. MAX.

DC Operating Voltage Range 3 6 V

Serial Clock Frequency fSCK

VDD= 3 V - 1.05
MHz

VDD = 4.5 V - 2.1

Input Voltage Range

V'H - VDD + 0.3
V

V'l -0.3 -

DATA IN

DATA OUT

CE
CDP68HC68Pl

rnrn:::l..JID<..Ja:<w-:I:a: 11.w_
rna:-w3;11.



LIMITS
CHARACTERISTIC CONDITIONS UNITS

MIN. TYP .• MAX.

Standby Device Current loos - - 1 15 pA

Output Voltage High Level VOH IOH= -0.4 mA, Voo = 3 V 2.7 - -

Output Voltage Low Level VOL IOL= 0.4 mA, Voo = 3 V - - 0.3

Input Voltage
00-07
Positive Trigger Threshold Vp - 1.85 - 2.4

Negative Trigger Threshold VN - 0.85 - 1.35
V

Hysteresis V'H - 0.85 - 1.25

Input Voltage
100,101, MOSI, SCK, CE
Positive Trigger Threshold Vp - 1.3 - 1.9

Negative Trigger Threshold VN - 0.8 - 1.2

Hysteresis V'H - 0.5 - 0.95

Input Leakage Current I,N - - - ±1

3-State Output Leakage ±10
pA

- - -
Current louT

Operating Device Current IOPER# V'N = V'L, V'H - 0.1 1 mA

Input Capacitance C,N V'N=OV,I=l MHz,TA=25°C - 4 6 pF
- -

• Typical values are lor TA = 25° C and nominal Voo. # Outputs open circuited; cycle time = Min. tCYC'" duty = 100%.

STATIC ELECT.RICAL CHARACTERISTICS AT TA = 40 to +85°C, Voo = 5 V ± 10%, Except 88 Noted

LIMITS
CHARACTERISTIC CONDITIONS UNITS

MIN. TYP.• MAX.

Standby Device Current loos - - 1 15 pA
Output Voltage High Level VOH IOH= -1.6 mA, Voo = 4.5 V 3.7 - -
Output Voltage Low Level VOL IOL= 1.6 mA, Voo = 4.5 V - - 0.4
Output Voltage High Level VOH IOH~ 20 pA, Voo = 4.5 V 4.4 - -
Output Voltage Low Level VOL IOL~ 20 pA, Voo = 4.5 V - - 0.1
Input Voltage

00-07
Positive Trigger Threshold Vp - 2.15 - 3.05
Negative Trigger Threshold VN

V
- 1.35 - 2

Hysteresis V'H - 0.8 - 1.2
Input Voltage

100, 101.MOSI, SCK, CE
Positive Trigger Threshold Vp - 3.15 - 3.85
Negative Trigger Threshold VN - 1.7 - 2.25
Hysteresis V'H - 1.3 - 1.7

Input Leakage Current I,N - - - ±1
3-State Output Leakage pA

Current lOUT
- - - ±10

Operating Device Current IOPE~ V'N= V'L, V'H - 0.2 2 mA

Input Capacitance C'N V'N= 0 V, I = 1 MHz, TA= 25° C - 4 6 pF



SHIFT t~m~~~
SCK ~ t t

ICPOL'\I~

CE---\
SHUW~

SCK~
ICPOL-O l

"'g~1 ~
MISO~

NOTE:
CPOLAND CPHA ARE BITS IN THE COP68HC05C4 and CDP68HCOSD2
MCU CONTROL REGISTER AND DETERMINE INACTIVE CLOCK
POLARITY AND PHASE. CPHA MUST ALWAYS EaUAL 1.

Introduction

The single port I/O is serially accessed via a 3wire plus chip
enable synchronous bus. It features 8 data pins that are
programmed as inputs or outputs. Serial access consists of
a two-byte operation. The first byte shifted in is the control
byte that configures the device. The second byte transferred
IS the data byte that is read from or written to the data
register or data direction register. This data byte can also be
programmed to act as a mask to set or clear individual bits.
Functional DescrIption

The sin.gle ~ort I/O consists of three byte-wide registers,
(data direction, data and shift) an input/output buffer and
control logic circuitry. (See fig. 1, block diagram). Data is
transferred between the I/O data and data direction registers
via the shift register. Once the I/O port is selected, the first
byte shifted in to the shift register is the control byte that
reglste~ selects, (the Data or Data direction register),
determines data transfer direction (read or write) and sets
!he compare feature and function (mask or data) of the byte
Immediately following the control byte, the data byte. (See
Addresslngthe Single Port I/O) Each bit olthe data register
may be Individually programmed as an input or output. A
logic low In a data direction bit programs that pin as an
Input, a logic high makes it an output. A read operation of
data register pins programmed as inputs reflects the current
logic level present at the buffered port pins. A read operation
of those data register pins programmed asoutputs indicates
the last value written to that location. At power-up, all port

pins are configured as unterminated inputs. Two chip
identify pins are used to allow up to 4 I/O ports to share the
same chip enable signal. The first two bits shifted in are
compared with the hardwired levels at the chip identify pins
to enable the selected I/O for serial data transfer. Note that
when chip enable becomes true, the compare flag is latched
for all devices sharing the same chip enable.

Compare Function
·The value of a port pin (00-07), configured as an input, is
compared with the corresponding bit value (ORO-OR7)
stored in the Data Register. Pins configured as outputs are
assumed to have the same value as the corresponding bit
stored in the Data Register. The compare function is
programmed via C01 and COO(CM1. CMO)of the Address
Byte. The following values for CM1 and CMOwill sense one
of four separate conditions:

o 0 - at least one non-match
o 1 - all match
1 0 - all are non-match
1 1 - at least one match

The compare flag is set to one when the programmed
condition is satisfied. Otherwise, the flag is cleared to zero.
The compare...!!!'gis latched when the device is enabled (a
transition of CE from "High" to "Low").

en en::::1..110<
..I a:<w-J:a: a.w_
ena:-w3; a.



Oete Formet

During write operations, the data byte that follows the
control byte is normally the data word that is transferred to
the data or data direction register. Control bits 2 and 3 (DFO

and DF1) change the interpetation of this data as listed
below. Note that one or more bits can be set or cleared in
either register without having to write to bits not requiring
change.

C03 C02
OF1 OFO OPERATION

o X Data following the control word will
be written to the selected register.

o Data following the control word is
a mask. Those bits which are a 1
will cause that register flip-flop to
be cleared to O. Those which are
a 0 will cause that register flip-flop
to be unchanged.
Data following the control word is
a mask. Those bits which are a 1
will cause that register flip-flop to
be set to 1; those which are a 0
will cause that register flip-flop
to be unchanged.

CONTROL

C07 C06 COS1 0 X C01 COO
C07 C06 COS1 1 1 C01 COO
C07 C06 COS1 1 0 C01 COO

. C07 C06 COS1 1 X C01 COO

Addressing the Single Port I/O

The Serial Peripheral Interface (SPI) utilized by the I/O Port
is a serial synchronous bus for control and data transfers. It
consists of a SCK clock input pin that shifts data out of the
I/O port (MISO, MASTER IN, SLAVE OUT) and latches data
presented at the input pin, MOSI (master out, slave in). Data
is transferred most significant bit first. There Is one SCK clock
for each bit transferred and bits are transferred in groups of
eight.

c-E---,
SCK
OR
SCK

MOSI C07 I C06 COS coo

MISO '1 C07 C06

PREVIOUS
REGISTER

VALUE

NEW
REGISTER

VALUE

'1110000
11110000
11110000
00000000

11110000
11111010
00001010
10101010

10101010
10101010
10101010
10101010

When the I/O port is selected by bringing the chip enable
pin low, the logic level at the SCK input is sampled to
determine the internal latching and shift polarity for input
and output signals on the SPI. (See Fig. 3).

The first byte shifted in when the chip is selected is always
the control byte followed by one or more bytes that become
data or a mask for the data and data direction register. As
the control byte is being shifted in one the MOSIline, data
on the MOSI line shifts out. (See Fig. 4).

x ~ DON'T CARE
Z HIGH IMPEDANCE
•• COMPARE FLAG



C07 (101), C06 (100): Chip-Ide~tify bits
COS (RS): Register Select. When RS is low, the data
register is selected. When RSis high, the Direction Register
is selected.

C04 (R/W): Read/Write. Low when data is to betransferred
from the SPI I/O to the CPU (read) and high when the I/O is
receiving data from the CPU (write).

Read Operation
During a read operation, the CPU transfers data from the
I/O by first sending a control byte on the MOSlline while the

C03 (OF1), C02 .(0£.0): Data Format Bits. These have
meaning only when R/W is high. During a write operation,
DF1 and DFOcontrol how the byte following the control
word is interpreted. See "DATA FORMAT".

C01 (CM1), COO(CMO): Compare Mode Select. These bits
select one of four events which will set the internal Condition
Flag. (See "COMPARE OPERATION")

chip-selected I/O sends compare information followed by
one or more data bytes on the MISO line.

x = DON'T CARE
Z = HIGH IMPEDANCE
• ::;COMPARE FlAG

Fig. 5 - Read bytes.

The selected register will be continuously read if CE is held
low after the first data byte is shifted out.

Write Operation

During a write operation, the data byte follows the control
byte forthe selected register. While this byte is being shifted
in, old data from that register is shifted out. If CE remains

low after the data byte is shifted in, MISO becomes high
impedance and the new data is placed in the selected
register.

At the time the eighth data bit is strobed into the data pins
(00-07) will change as indicated in Fig. 7.

MOSI •••

SCK •••
00·07

Pin Description

100,101

Chip identify pins, normally tied to Voo or Vss. The 4
possible combinations of these pins allow 4 I/Os to share a
common chip enable. When the levels at these pins match
those of the identify bits in the control word, the serial bus is
enabled. The chip identify pins will retain their previous
logic state if the lines driving them become Hi-Z.
MISO
Master-in, Slave out pin. Data bytes are shifted out at this
pin most significant bit first. When the chip enable signal is
high, this pin is Hi-Z.

MOSI

Master-out, Slave in pin. Data bytes are shifted in at this pin
most significant bit first. This pin will retain its previous
logic state if its driving line becomes Hi-Z.

SCK

Serial clock input. This input causes serial data to be
latched from the MOSI input and shifted out on the MISO
output.

en en~..Jm<..JD:<w-J:D:o.w_enD:-wg,o.



CE

A negative chip enable input. A high to low transition on this
pin latches the inactive SCK polarity and compare flag and
indicates the start of a data transfer. The serial interface
logic is enabled only when CE is low. This pin will retain its
previous logic state if its driving line becomes Hi-Z.

I/O Port pins. Individual programmable inputs or outputs.

Voo and Vss

Positive and negative power supply line.

All pins except the power supply lines and MISO have
SChmitt-trigger buffered inputs.

DYNAMIC ELECTRICAL CHARACTERISTICS - BUS TIMING Voo ± 10%, Vss = 0 V dc, TA = -40· to +8S·C, CL = 200 pF.
See Figs. 8 and 9.

LIMITS (ALL TYPES)

CHARACTERISTIC Voo = 3.3 V Voo = 5 V UNITS

MIN. MAX. MIN. MAX.

Chip Enable Set-Up Time tEvev 200 - 100 -
Chip Enable after Clock Hold Time tevEx 250 - 125 -

Clock Width High tWH 400 - 200 -
Clock Width Low tWL 400 - 200 -

Data In to Clock Set-Up Time tovev 200 - 100 -
Data In after Clock Hold Time tevox 200 - 100 -

ns
Clock to Data Propagation Delay tevov - 200 - 100
Chip Disable to Output High Z tEXQZ - 200 - 100
Output Rise Time t, .. 200 - 100
Output Fall Time tr - 200 - 100
Clock to Data Out Active teVQX - 200 - 100
Clock Recovery Time tREe 200 - 200 -

MISO H_l_Z ~ II COMPAREFLAG 'Gi::J 06 : _:_o_o ~
--H-""t

MOSI X C07 C06 C05 C04 COO
tovcv

~'cvox-
CE

'WL
'REC

SCK

, EVCV

06 I I xI DO ,, _
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256 Word {CDP68HC68R2} by 8-Bit Static RAMs

• Fully Static Operation

• Operating Voltge Range ............•.......... 3V to 5.5V

• Typical Standby Current 11lA

• Directly Compatible with Harris/Motorola SPI Bus

• Separate Data Input and Three State Data Output Pins

• Input Data and clock buffers Gated Off with Chip Enable

• Automatic Sequencing for Fast Multiple Byte Accesses

• Low Minimum Data Retention Voltage ....•............ 2V

• Wide Operating Temperature Range: -40oC to +850C

SCK08 vee
MISO 2 7 MOSI

NC 3 6 C E

VSS 4 5 55

Description

The CDP68HC68R1 and CDP68HC68R2 are 128 word
and 256 word by 8-bit static random access memories,
respectively.The memoriesare intendedfor use in systems
utilizing a synchronous serial three wire (clock, data in,
and data out) interface where minimum package size,
interconnect wiring, low power, and simplicity of use
are desirable. These parts will interface directly with
CDP68HC05D2, CDP68HC05C4, and CDP68HC05C8
microcomputers (providing the CPHA bit in the micro-
computer's SPI Control Register is set equal to 1). The

CDP68HC68R1 and CDP68HC68R2 are also compatible
with general purpose microcomputers, including the
CDP1804A and CDP6805 family, by utilizing I/O bits for
the SPI (Serial Peripheral Interface) bus. Other industry
microcomputerssuch as the 80C51 can also interface to
these serial RAMs.

The CDP68HC68R1and CDP68HC68R2are supplied in 8
lead plastic Mini DIP packages.(E suffix).

SIGNAL

MODE CE 55 SCK MOSI MISO

Disabled and L X Input Input High Z
Reset X H Disabled Disabled

Read or CPOL=O, ~ Data Bit High Z During Write,
Write H L Latch Current Data Bit

CPOL= 1, -' During Read

CPOL=O, -'Shift H L X Next Data Bit
CPOL= 1, ~



MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPL Y-VOL TAGE RANGE, (Voo):

(All voltage values referenced to Vss terminal) ...............•..•.......•................•..•...............•.......... -0.5 to +7 V
INPUT VOLTAGE RANGE, ALL INPUTS ..............................•..........................•..•..•..•....... -0.5 to Voo +0.5 V
DC INPUT CURRENT. ANY ONE INPUT .................................•.....•..•..............•..•..•................... ±10 mA
POWER DISSIPATION PER PACKAGE (Po):

For T.=-40 to +60·C (PACKAGE TYPE E) ...........................•..•..•.....•........................................ 500 mW
For T.=+60 to +85·C (PACKAGE TYPE E) ..............•...•.....•.....•.........•......... Derate Linearly at 12 mW/·C to 200 mW

DEVICE DISSIPATION PER OUTPUT TRANSISTOR
For T.=FULL PACKAGE-TEMPERATURE RANGE ..........................................................•............. 100 mW

OPERATING-TEMPERATURE RANGE (T.):
PACKAGE TYPE E ......................•........................•.....•.................•....................... _40· to +85·C

STORAGE TEMPERATURE RANGE (T•••) ...............................•.........•..•......................•........ ~5 to +150·C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 ± 1/32 in. (1.590.79 mm) from case for 10 s max. . .........•..•...........•....•.....••..•.•••..•....•.• +265·C

OPERATING CONDITIONS at TA = -40° to +85°C
For maximum reliability, operating condlllons should be selected so that operation Is always within the following ranges:

LIMITS
CHARACTERISTIC ALL TYPES UNITS

MIN. MAX.
DC Operating Voltage Range 3 5.5
Input Voltage Range V'H 0.7 Voo Voo +0.3 V

V'L -0.3 0.2 Voo
Serial Clock Frequency fscK

Voo=3 V - 1.05
MHz

Voo-4.5 V - 2.1

LIMITS
CHARACTERISTIC CONDITIONS CDP68HC68Rl CDP68HC68R2 UNITS

MIN. TYP.· MAX. MIN. TYP.· MAX.
Standby Device Current - - 1 15 - 1 50 pA

loos
Output Voltage High Level

IOH=-0.4mA, Voo=3 V 2.7 - - 2.7 - -VOH
Output Voltage Low Level V

VOL
10L=0.4 mA, Voo=3 V - - 0.3 - - 0.3

Input Leakage Current, I,N - - . ±1 - . ±1
3-State Output

- - - ±10 - - ±10
pA

Leakage Current, lOUT
Operating Device Current

V'N=V'L,V'H - 5 10 - 5 10 mA10PER#
Input Capacitance, C'N V'N-O V, f-l MHz, T.-25°C - 4 6 - 4 6 pF

"Typical values are for T. = 25°C and nominal Voo.
#Outputs open circuited; cycle time = Min. tcye'o,duty = 100%.
·Typical input current values (high and low) for pins 1,5,6,7, approximately 100 nA dueto presence of feedback transistor.

Pin 6 is an exception - I'n(hign) typ,cally 1 nA.

tntn::::1-,
mc:c-'a::C:Cw
-J:a:: 0.w_
tna::-w3;0.



LIMITS
CHARACTERISTIC CONDITIONS CDP68HC68R1 CDP68HC68R2 UNITS

MIN. TYP." MAX. MIN. TYP." MAX.
Standby Device Current - - 1 15 - 1 50 /lA
loos

Output Voltage High Level
IOH=-1.6mA, Voo=4.5V 3.7 - - 3.7 - -

VOH
Output Voltage Low Level

IOL=1.6mA, Voo=4.5V - - 0.4 - - 0.4
VOL V

Output Voltage High Level
IOH:S10/lA, Voo=4.5V 4.4 - - 4.4 - -

VOH
Output Voltage Low Level

IOL:S10/lA, Voo=4.5V - - 0.1 - - 0.1
VOL

Input Leakage Current, I,N - " ±1 " ±1
3-State Output

±10 ±10 /lA- - - - -
Leakage Current, louT

Operating Device Current
V'N=V'L,V'H - 5 10 - 5 10 mA

10PEA#

Input Capacitance, C,N V'N o V, f 1 MHz, TA=25°C 4 6 4 6 pF

-Typical values are for TA = 25°C and nominal Voo.
#Outputs open circuited; cycle time = Min. teycl",duty = 100%.
"Typical input current values (high and low) for pins 1,5,6, 7, approximately 100 nA due to presence of feedback transistor.

Pin 6 is an exception - I,n(nign) typically 1 nA.

PIN SIGNAL DESCRIPTION
SCK (Serial Clock Input)" - This input causes serial data to
be latched from the MOSI input and shifted out on theM ISO
output.
MOSI (Malter Out/Slave In)" - Data bytes are shifted in at
this pin most significant bit (MSB) first.
MISO (Malter In/Slave Out)" - Data bytes are shifted out at
this pin most significant bit (MSB) first.
SS (Slave Select)" - A negative chip select input. A high
level at this input holds the serial interface logic in a reset
state.
CE (Chip Enable)"" - A positive chip enable input. A low
level at this input holds the serial interface logic in a reset
state. _
CE . SS - This is a logical function of CE and SS used
throughout this data sheet to simplify diagrams. CE· SS = 1
when pin 5 is low and pin 6 is high. CE . SS = 0 at all other
times.

·Theseinputswill retaintheirpreviousstateilthe linedrivingthem
goesinto a HIGH-Zstate.

··The CE input hasan internalpull-downdevice-if the input is
drivento a lowstatebeforegoing to a HIGHZ.

FUNCTIONAL DESCRIPTION
The Serial Peripheral Interface (SPI) utilized by the
CDP68HC68R1 and CDP68HC68R2, is aserial synchronous
bus for address and data transfers. The clock, which is
generated by the microcomputer, is active only during
address and data transfers. In systems using the
CDP68HC05C4, CDP68HC05C8 or CDP68HC05D2, the
inactive clock polarity is determined by the CPOL bit in the
microcomputer's control register. A unique feature of the
CDP68HC68R1 and CDP68HC68R2 is that they
automatically determine the level of the inactive clock by
sampling SCK when CE 0 SS becomes active (see Fig. 1).
Input data (MOSI) is latched internally on the Internal
Strobe edge and output data (MISO) is shifted out on the

Shift edge, as defined by Fig. 1.There is one clock for each
data bit transferred (address as well as data bits are
transferred in groups of 8).
ADDRESS AND DATA FORMAT
The address and data bytes are shifted MSB first into the
serial data input (MOSI) and out of the serial data output
(MISO). The Address/Control byte (see Fig. 2b) contains a
WritelReiia bit and a 7-bit address. Any transfer of data
requires an Address/Control byteto specify a RAM location,
followed by one or more bytes of data. Data is transferred
out of MISO for a Read and into MOSI for a Write.
Address/Control bytes are recognizable because they are
the first byte transferred following a valid CE . SS (except
for Page select bytes, see PAGE SELECTION). To transmit
a new address, CE . SS must first go false and then true
again.

{

E'SS

CPOL-I

SCK

______t SHIFT

t

CPOLOO{E'SS t SHIFT

SCK

MOSI
OR

MISO

Fig. 1 • Serial RAM clock (SCK) as a function of MCU clock
polarity (CPOL).



PAGE SELECTION (CDP68HC68R2 Only)
For the CDP68HC68R2, a Page/Device byte is sent from the
microcomputer before the Address/Control byte. Because
the Address/Control byte is limited to 128 addresses, the
CDP68HC68R2 is divided into two 128-byte pages. A page
select is accomplished by enabling the CDP68HC68R2,
transmitting the Page/Device Select byte (see Fig. 2a), and
finally disabling the device prior to any more data transfers.
The Page/Device byte is recognizable because it is the only
timethat a single byte is transferred to the RAM before CE'
SS is disabled (see Fig. 3). The page select is latched and
remains until changed or is incremented during a burst
transfer (see next section).
ADDRESS AND DATA
Data transfers can occur one byte at a time (Fig. 4) or in a
multi-byte burst mode (Fig. 5). Afterthe chip is enabled, an
address word is sent to select one of the 128 bytes (on the
selected page) and specify the type of operation (I.e., Read
or Write). For a single byte Read or Write (Fig. 4), one byte is
transferred to or from the location specified in the
Address/Control byte; the device is then disabled. Additional
reading or writing requires re-enabling the RAM and
providing a new Address/Control byte If the RAM is not
disabled, additional bytes can be read or written in a burst
mode (Fig. 5). Each Read or Write cycle causes the latched

AO-A6 The seven least significant RAM address bits,
sufficient to address 128 bytes.

WiR Read or Write data transfer control bit.
W/R = 0 initiates one or more memory read
cycles. W/R = 1 initiates one or more memory
write cycles.

CE'SS~ L

CE'SS~ L

WRITE{MOSJ: ~ A_O_O_R_E_S_S_B_Y_T_E__ •...•... W_R_I_TE_O_AT_A__ ~~

{

MOSJ: ~ __ AOORES_SBYTE~

REAO

MJ:SO (-------R-EA-O--O-A-TA---------)-

lJ)lJ)::::I..J
me:(
..Ja:
e:(w
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~ll.



RAM address to automatically increment. Incrementing
continues after each transfer until the device is disabled.
After incrementing to 7FH on the CDP68HC68R1 or to FFH
on the CDP68HC68R2, the address will recycle to OOHand

WRITE {MDSI ~ ADDReSS BYTE

continue. Note that incrementing past 7FH on the CDP-
68HC68R2 causes the address to go to location 80H (I.e.,
location OOHof page 1). The programmer must take care to
keep track when crossing page boundaries.

t
I:LLilllllL-
II

I-D-AT-A-BY-T-E--I : -I-D-AT-A-B-YT-E---~

{?
{

MDSI~ ADDRESSBYTE ~---:-~--

READ

----

wiff ADDRESS ADDRESS
ADDRESS -------

Fig. 5 - Multiple-byte transfers. 92CM-37718

CE'SSJ

I DATA BYTE

DYNAMIC ELECTRICAL CHARACTERISTICS· BUS TIMING VDD ±10%,
VSS = 0 V dc, TA = -400 to +850 C, CL = 200 pF. See Figs. 6,7 and 8.

IDENT.
LIMITS (ALL TYPES)

CHARACTERISTIC VDD-3.3 V VDD-5 V UNITSNUMBER
Min. Max. Min. Max.

Q) Chip Enable Set-Up Time tEVCV 200 - 100 -

® Chip Enable after Clock Hold Time tCVE>< 250 - 125 -

@ Clock Width High tWH 400 - 200 -

~ Clock Width Low tWl 400 - 200 -

® Data In to Clock Set-Up Time tovey 200 - 100 -

® Data In after Clock Hold Time tCVDX 200 - 100 - ns

CD Clock to Data Propagation Delay tCYDV - 200 - 100

® Chip Disable to Output High Z tEXQZ - 200 - 100

@ Output Rise Time t, - 200 - 100

@ Output Fall Time tf - 200 - 100

® Clock to Data Out Active teVQX - 200 - 100

® Clock Recovery Time tREC 200 - 200 -



92CS-37714

Fig. 6 - Page/Device byte timing waveforms.

)))))) )))

TEST LIMITS
CHARACTERISTIC CONDITIONS ALL TYPES UNITS

MIN. MAX.
Minimum Data Retention Voltage VOR CS~VOO -0.2 V 2 - V

Data Retention Quiescent Current looDR
Voo - 2 V,

1 IJA
CE = Vss

-
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HARRJ
SEMICONDUCTOR

• Differential Bus for Minimal EMI

• High Common Mode Noise Rejection

• Ideal for TWisted Pair Wiring

• Data Collision Detection

• Bus Arbitration

• Idle Detection

• Programmable Clock Divider

• Power-On Reset

PART TEMPERATURE
NUMBER RANGE PACKAGE

CDP68HC68S1 E -40"C to +l05°C 14 lead PDIP

CDP68HC6851 M -4O"C to +10SoC 20 lead SOIC rw)

CDP68HC68S1

Description
The CDP68HC6SS1 Serial Bus Interface Chip (SBIC) provides
a means of interfacing in a Small Area Network configuration,
various microcomputers (MCU's) containing serial ports. Such
MCU's include the family of 68HCOSmicrocontrollers. The SBIC
provides a connection from an MCU's Serial Communication
Interface (asynchronous UART type interface) or Serial Periph-
erallnterface (synchronous) to a medium speed asynchronous
two wire differential signal bus designed to minimize electro-
magnetic interference. This two wire bus forms the network bus
to which all MCU's are connected (through SBI chips). See Fig-
ure 1. Each MCU operates independently and may be added or
deleted from the bus with little or no impact on bus operation.
Such a bus is ideal for inter-microcomputer communication in
hazardous electrical environments such as automobiles. aircraft
or industrial control systems.

In addition to acting as bus arbitor and interface for microcom-
puter SCI port to differential bus communication, the
CDP68HC68S1 contains all the circuitry required to convert
and synchronize Non-Retum-to-Zero (NRZ) 8-bit data received
on the differential bus and clock the data into a microcomputer's
SPI port. Likewise, data to be sent by a microcomputer's SPI
port is converted to asynchronous format by appending start
and stop bits before transmitting to other microcomputers.

Refer to the data sheet for the CDP68HCOSC4 for additional
information regarding CDP68HCOS microcomputers and their
Serial Communications and Serial Peripheral Interfaces.

The CDP68HC68S1 is supplied in a 14 lead dual-in-Iine plastic
package (E suffix), and in a 20 lead small outline plastic pack-
age (M suffix).

Operating voltage ranges from 4V to 7V and operating temper-
ature ranges from -400C to +1OSoC.

CD68HC68S1 (PDIP)
TOP VIEW

CD68HC68S1 (SOIC)
TOP VIEW

ClK 1

A 2

B

MOOE

HC

HC 6

BUS+ 7

HC 6

BUS-

CAUTION: These devices ere sensitive to electrostatic dlscherge. Users should tollow proper I.e. Handling Procedures.
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Absolute Maximum Ratings
Supply Voltage (Voo) .........•............... -0.3V to +7.0V
Input Voltage (VIN) ...........••.•... Vss -0.3V to Voo+0.3Voc
DC Input Current (IIN) ............•.................•... ±10mA

Thermal Resistance aJA
Plastic DIP Package ....•....................... 100oC/W
Plastic SOIC Package ••••.......•.•.••......... 1200C/W

Storage Temperature Range (TSTG) •••••••••••• -55°C to +125°C
Lead Temperature (Soldering 10s) ...•••..........•... +2650C

CAUTION: StressllS above those listed in "Absolute Maximum Ratings" may cause psrmanant damage to the device. This is a strllSs only raUng and operation
01 tile device at these or any other condmons above those indicated in the opsraUonal sections ollhis spscificaYon is not implied.

Operating Conditions
Operating Temperature (TA) ............•..•.. _40°C to +1050C DC Operating Voltage Range (Voo) ....•........... +4V to +7V

DC Electrical Specifications TA = -40°C to +105°C Unless Otherwise Noted. External Bias (Vo) shall be 1.BV to 3.13V Unless
Otherwise Noted.

PARAMETERS SYMBOLS TEST CONDITIONS MIN MAX UNITS

SIGNAL I/O SECTION

Output Voltage High Level VOL Open Circuit - 0.05 Voc

Output Voltage Low Level VOH Open Circuit Voo-0.05 - Voc

Input Voltage Low Level VIL - 0.3Voo Voc

Input Voltage High Level V1H O·7Voo - Voc

Output High Drive (Source) Current IOH VOH = 4.6V, Voo = 5V -0.12 mA
(REC Pin)

Output High Drive (Source) Current IOH VOH = 4.6V. Voo = 5V -0.04 mA
(IDLE, Control Pins)

Output Low Drive (Sink) Current IOL VOH = O.4V, Voo = 5V 0.36 - mA
(IDLE, Control, REC)

DIFFERENTIAL TRANSCEIVER (SEE FIGURE 4) TRANSMITTER

BUS+ IAOL Vo = Vori2, RL = 1200 2.75 - mA

'AOH Vo = Vori2, RL = 1200 -1.0 1.0 ~
BUS- IBOL Vo = Vori2, RL = 1200 - -2.75 mA

ISOH Vo = Vori2. RL = 1200 -1.0 1.0 ~
IAOL-ISOL Match 1M Vo = Vori2, RL = 1200, - 5 %

Voo = 5V ±0.5V

Output Rise Time (BUS+) tR Voo = 5V, CL = 25pF - 1.5 lIS

Output Fall Time (BUS-) IF Voo = 5V, CL = 25pF - 1.5 lIS

Transition match (50% Point) tM Voo = 5V, CL = 25pF -50 50 ns

RECEIVER

Differential Sensitivity VIOH Vo = 2.5V, RL = 1200, Voo = 5V - 120 mV

VIOL Vo = 2.5V, RL = 1200, Voo = 5V 20 - mV

Hysteresis (Within VIOH, VIOLLimits) VH Vo = 2.5V, RL = 1200, Voo = 5V 20 - mV

Propagation Delay tp V10H=120mV, Voo = 5V . - 700 ns

Out of Range VAX Voo = 5V 3.B - V

VM1N Voo = 5V - 1.2 V

Quiescent Device Current 100 Voo = OV, Vo = 2.5V -10 10 ~
Clock Speed fop Voo = 5, RL = 1200, CL = 25pF - TBD MHz

(Note)

NOTE: Although 1MHz ISgenerally used as an example throughout this datasheet, the maximum speed limit may be higher and depends
upon user's noise tolerance requirements.



The Serial Bus IC offers the user three possible modes of
operation as defined by Table 1 - SCI (Note 1), SPI, and Buff-
ered SPI. Also included is a "three-state mode" entered by
pulling the CS pin high while in the Buffered SPI mode. As
the name implies, the SCI mode is used when communicat-
ing through the microcomputer's SCI port. In this mode,
asynchronous NRZ data format (1 start bit, a data bits 'least
significant bit first', and 1 stop bit) and baud rate remain the
same on each "side" of the SBIC, Le. to and from the micro
and to and from the differential network bus.

TABLE 1. MODEAND CHIPSELECTDEFINITION

SBaCHIPMODE MODEPIN CSPIN

SCI 1 1

SPI 1 0

BufferedSPI 0 0

Three-State(Note2) 0 1

NOTES:
1. SCI is the UARTinterfaceof a 68HCOSMCU.The

CDP68HC68S1is compatablewith mostUARTdevices.
2. The three-statemodeis onlyenteredwhenusingthe Buffered

SPI mode. In the three-statemode, only the XMIT, REC, and
SCKpinsare three-stated.TheCONTROLandIDLEpinsareal-
waysactive.

During data transmission, while a byte is being transmitted
from the MCU through the SBI chip onto the differential bus,
it is also reflected and simultaneously received back at the
micro. (this is required for bus arbitration as described later).

DIFFERENTIAL 8US

f I 1
S81 S81 ... S81

.< ;.. I-

, 7 , 7

SPIORSCI SPI OR SCI SPI OR Scl...
MCU MCU MCU

FIGURE1. POSSIBLENETWORKCONFIGURATION-VARIOUS
MICROCOMPUTERSUSING SBI CHIPSTO COM·
MUNICATEALONG DIFFERENTIALBUS.

In addition to performing a framing error check in the SCI
mode, other advantages gained by using the SBIC (in any
mode) include greater system EMI tolerance and automatic

bus "monitoring". The Serial BUS Interface chip handles bus
arbitration, data collision detection, and provides short circuit
protection.

A 68HCOS MCU's SPI port may instead be used for bus
communication. Two modes of SPI operation are available
with the SBIC - one essentially places the 68HC05 micro-
computer in the slave mode and the other allows the MCU to
remain a master. In the normal SPI mode the SBIC acts as a
master and supplies a data-synchronizing serial clock signal
to the micro (which operates in the slave mode) for shifting
data in or out of the micro's a·bit SPI data register. Again,
baud rates are the same on each side of the SBIC, however,
the user must reverse the bit order of a byte transmitted or
received via the SPI port due to the SPl's most significant bit
first serial data nature. In addition, since the user microcom-
puter is operating in the slave mode it must signal the SBI
chip (by pulling the CONTROL line low) to initiate a transmis-
sion. As in the SCI mode. during a transmission, the byte
originally in the SPI data register is replaced by the byte
reflected from the bus.

Transmission and reception of data in the Buffered SPI mode
allows the user to free the micro's SPI port by allowing fast
data communication (1M bits/second) between the SPI port
and SBIC. For instance, if the MCU is transmitting, the SBIC
converts the data stream from the MCU's SPI port to a
slower speed for transmission along the differential bus
when the bus becomes idle. Data speed conversion is
accomplished via a 2 byte (16-bit) data buffer register resid-
ing in the serial bus chip. In this mode the MCU operates as
a master and provides the serial clock signal to the slave
SBIC peripheral. After fast data has been sent to or received
from the SBIC, the micro can pull the SBIC's CS pin high
(placing the SBIC chip in the three-state mode) and then use
the SPI port to access other SPI peripherals.

All transfers between the user MCU and the SBIC in the
Buffered SPI mode consist of 2 bytes, Le. a message con-
sists an even number of a-bit transfers. A microcomputer
wishing to transmit loads 2 bytes into the serial bus IC data
register and then pulls the control pin low to initiate transmis-
sion. During transmission the 2 bytes placed into the buffer
are replaced by the two reflected bytes received from the
bus. After every 2 byte transmission the user micro should
transfer the two reflected bytes out of the buffer and the next
2 bytes to be transmitted into the buffer.

TABLE 2. CLOCK PROGRAMMING

CLOCK INPUT
DIVIDEFACTOR A PIN BPIN

+1 0 0

+2 0 1

+4 1 0

+10 1 1

CIlCll::)..JID<
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PIN NUMBER SYMBOL IN/OUT DESCRIPTION

1 CLI< Input This is the clock Input that shall be divided by the SBIC (as described in Table 2) and used
as an internal synchronizing clock. The internal clock is than further divided by 128 to de-
termine baud rate, I.e. 128 Internal clock periods constitute 1-billength.

2,3 AandB Input Programing Inputs of the clock divider. These Inputs are tied to +Voo or Vss depending
upon speed of external clock source. (See Table 2)

4 Mode Input This Input shall be used in conjunction with CS Input to define the mode of operation (see
Table 1). It may be permanently wired to +Voo or Vss or driven high or low by MCU I/O
lines.

5,6 BUS+ Input/Output This Is the two wire differential bus I/O used to transmit and receive data to and from the
and BUS- differential bus. BUS+ is both responsive to, or driven positive by sourcing current from

an extemally established bias point. This sourcing current matches the BUS- I/os sinking
current. BUS- is both responsive to, or driven negative by sinking current from an exter-
nallyestablished bias point. This sinking current matches the BUS+ I/Os sourcing current.

14,7 Vooand - Power and ground reference are supplied to the device via these pins. Voo is power and
Vss Vss Is ground.

8 XMIT Input In the SCI mode this data input shall corne from the microcomputer standard NRZ asyn-
chronous communications output port (68HC05 SCI port pin TxD). In the SPI modes, it
shall come from the microcompute~s synchronous output port (68HC05 SPI port pin
MOSI or MISO).

9 REC OUtput In the SCI mode this data output shall be fed into the microcomputer asynchronous com·
munications Input port (68HC05 SCI port pin RxD). In the SPI modes it shall be fed into
the microcomputer's synchronous input port (6805 SP1 port pin MoSI or MISO).

10 SCK Input/Output In the SCI mode, this I/O Is not required. In both SPI modes this pin is connected to the
68HC05's SPI port SCK pin. In the normal SPI mode, the SBIC shall produce shift clock
pulses via this pin for synchronously shifting data into and out of the microcomputer. In
the Buffered SPI mode this pin is an Input and the microcomputer shall generate the shift
clock pulses. Figure 3 shows the relationship between the serial clock signal and other
SBIC signals in the SPI mode.

11 CS Input This input shall be used in conjunction with the mode input and shall be used as a chip
select (see Table 1). It may be permanently wired to +Voo or Vss or driven high or low by
MCU I/O lines.

12 IDLE Input/Output The microcomputer shall monitor this ~I to determine the bus condition and also pull
this line low to generate a break. The IDLE signal goes low when the bus is idle (after
sensing an End of Message condition) and high when the bus is active. On reset, this pin
is set to a logic zero.

13 Control Input/Output The microcomputer shall monitor this I/O pin in the SPI mode to handle transmission and
reception of data. In the SCI and SPI modes, as an output, this pin will go low to indicate
that a data by1e is currently active on the bus. In the Buffered SPI mode the control pin
indicates whether the user microcomputer has current access to the SBI chip's internal 2
by1e buffer (signified by a logic high on the control pin). In both SPI modes the control pin
is also effective as an input. In these modes the control pin is pUlled low by the user mi-
crocomputer to initiate a transmit operation by the SBIC. The control pin is normally high
when the bus is Inactive. On reset, this pin is set to a logic high.



The differential transceiver is a serial interface device which
accepts digital signals and translates this information for
transmitting on the two wire differential bus.

The transmitter section (shown in Figure 4), when transmit-
ting, provides matched constant current sources to the bus
"+" and bus "-" I/O sourcing and sinking respectively. When
transmitting, a logic zero at the "transmit data" input causes
the bus "+" I/O to provide source current and the bus "-" I/O
to provide a matched sink current. A logic one at the "trans-
mit data" input causes the bus "+" and bus "-"I/Os to simulta-
neously provide a high impedance state. The bus depends
on external resistor components for bias and termination.
Recommended resistor sizes are shown in Figure 4....................
: SBI CHIP Voo
: TRANSMIT

• DATA.---
• BREAK···· 1200

DIFF.
BUS

FIGURE 4. DIFFERENTIAL DRIVERIRECEIVER

A zero transmitted on the bus will appear as a large voltage
drop across the BUS+ and BUS- pins, I.e. BUS+ might typi-
cally sit at +2.8V and BUS- at +2.2V for a logic zero. For a
logic level one, the SBIC actually three-states the BUS+ and
BUS- pins and relies on external resistors to bias the bus
lines. The lines are both biased to sit at approximately 2.5V
with a small (perhaps 20mV) voltage drop across the two
lines. In this condition the BUS- line actually sits at a slightly
higher potential than the BUS+ line. See Figure 5. Thus, the

bus actually "floats" to a logic level one, but must be driven to
a logic level zero. Logic o-bits always dominate over logic 1-
bits on the bus. If two MCU's simultaneously transmit a zero
and a one on the bus, the zero will override the one and the
bus will merely appear to be transmitting a zero. The "mark-
ing" or idle signal on the bus is a logic one. If the bus is idle
or if a micro is sending a logic one, then a one will appear on
the bus.

In addition to the transmission of data, the differential data
transceiver accepts at its bus "+" and bus "-" I/Os, serial dif-
ferential data which is translated into the standard digital
logic levels. This reception of data also occurs while trans-
mitting, thus reflecting the data seen on the bus back into the
SBIC data register.

LOGIC 0

Typicalvoltagelevelsseenon BUS+andBUS-
va pins for logic zero and logic 1-bits.Notice
that the BUS- Pin is biased to actually sit a
highervoltagepotentialthanthe BUS+.Values
shownare for Voo = 5V

FIGURES.

The differential transceiver cell allows bus activity by other
devices on the bus "+" and bus "-" I/Os when power to the
cell is shut off. Therefore, this powered off condition places
the transceiver outputs, BUS "+" and BUS "-", in a high
impedance state. When the cell is either being powered up
or down, with or without bus activity, SCR latch-up protection
is provided such that this activity is not affected.

IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE IDLE~ ~~~~~~~~~~~~
BIT 0 2 3 4 5 6 7 BIT 1 2 3 4 5 6 7 8 8 10. 11.....,._---------------_ ..

8,

~----------: MSB 6 5 4 3 2 1 LSBREC--------- _
: MSB 6 5 4 3 2 1 LSB

CONTROL (1){3).., ••----------------- ••••.-•..----------------- ...!(4)

NOTES:

1. Thecontrolsignalat the transmittingnode.
2. The controlsignalat the receivingnode.
3. There is a delaybetweenthe controlpin beingpulledlow and the actualbeginningof the start bit.
4. If the controlpin is againpuledlow beforethe end of the stopbit, thenthe nextstart bit will beginat the end of the previousstop bit.

FIGURE 3. SCK, CONTROL, AND IDLE SIGNALS DURING THE SPI MODE OF OPERATION
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Receive data is an output from the differential transceiver
cell. It is the output of a differential amplifier which decodes
the bus "+" and "-" I/O. When the bus "+" and "-" has been
driven positive and negative respectively to a differential volt-
age value greater than V1DH,the output of the differential
amplifier is a logic one, which is inverted and considered a O-
bit from the bus. Otherwise, for level below VIOL the differen-
tial amplifier output is a logic zero, which, in turn, is inverted
and considered a 1-bit from the bus.

Twisted wire pair (or adJacent PC board traces) Is rec-
ommended for the two differential bus lines.

The BREAK input, when held at a logic zero, (low) causes
the differential transmitter driver to generate a continuous
logic level zero on the differential bus. This action can gener-
ate a data collision which can be either used as a break or a
request for arbitration by the system. When held at logic one,
(high) this input has no effect on the operation of the cell.

The out of range output is normally a logic zero but goes to a
logic one when the common mode voltage on both differen-
tial bus inputs exceeds a voltage value greater than VMAX or
less than VM1N (see device specifications). This output is
used by a latch to hold the received data at the logic level it
was before the over range signal occurred.

Provided on Chip is a power-on reset function. The transceiver
cell's reset output is held to a logic zero on power up and
switches to a logic one at or before Voo rises to 4.0V. This out-
put is used to ensure that other on-board logic has been prop-
erly initiated. During this reset time, the bus "+" and the bus "-"
VOs provide a high impedance state to the bus.

Bus Speed

SBIC systems typically use a bus speed of 7812.5 bits/sec-
ond which is accomplished by using a 1MHz internal clock.
However, no restriction on any other baud rate is designed
into the chip, except its upper speed limit (see device specifi-
cations).

Bus Byte Format

All bytes transmitted on the bus follow the standard UART
style asynchronous non-return-to zero data format consist-
ing oft start bit (logical zero) followed by 8 data bits (LSB
first), and 1 stop bit (logical one).

Bus Message Format

All messages transmitted on the bus consist of a number of
bytes, from 1 to N, with no restriction on length. The user must
be aware, however, that the longer the message length, the
greater the probability of collision with messages being trans-
mitted at random from other masters on the bus. Typical mes-
sage lengths of systems now in use range from 1 to 4 bytes.

The actual definition of each byte sent is left for the user to
determine, Le. the user must define the system protocol. For
instance, a typical (and recommended) protocol might dic-
tate that the first byte of each message sent be a unique
addresslidentification byte. The first byte sent by a node (an
MCU coupled with an SBI chip) might contain address infor-
mation telling where (to which node(s]) the message is tar-
geted for or where the message came from.

Other possibilities would be to identify the type of message
sent (e.g. an instruction or just information) or the length of
the message. The remaining bytes in each message can be
merely data bytes that comprise the actual message. The
user can even use the last byte as a check sum so that all
receiving nodes can check for errors in transmission.

Messages are normally received by all nodes on the bus and
may be processed by one or more micros, Le., each MCU
may decide, after receiving the first byte (address/IO byte)
that this particular message is not needed for its operation.
The MCU can then ignore the remainder of the message.

Prioritization

Since simultaneous transmission of address/IO bytes from
several microcomputers is a pOSSibility,a system of prioriti-
zation should be determined for bus arbitration. Oue to the
electrical characteristics of the differential data bus, each
unique addressllO byte can automatically contain priority
information used for bus arbitration. Merely use "lower" value
ID bytes for higher priority messages. "Lower" value, in the
SBIC case, means an 10 byte with more zero's in its least
significant locations. To further explain, since the differential
bus transmits data least significant bit first and a zero over-
rides a 1-bit simultaneously transmitted by different nodes,
an ID byte with least significant bit equal to zero will override
an ID byte from a micro whose least significant bit is a one. If
this does occur on-chip bus arbitration will automatically
allow only one SBIC chip (with the highest priority address/
ID byte) to continue transmitting. In this case it is the micro
who transmitted the O-bit. Assuming both 10 bytes contain
identical LSBs (bit 0) then arbitration is carried on to the nex1
bit (bit 1),and soon.

Reflected Data

Whenever a microcomputer sends data through the SBIC
and onto the differential bus, it will always receive reflected
data back. The reflected data is the data that was actually
seen on the bus. Keep in mind that during data collisions
between simultaneously transmitting micros, zeroes override
ones. In addition, any noise that may have been induced on
the bus may alter the resultant reflected byte.

Bus arbitration is the attempted transmission onto the differ-
ential bus of an initial byte (preferably an address/IO byte) by
one or more user microcomputers. The purpose of bus arbi-
tration is to enable a single microcomputer to obtain sole
usage of the bus for the purpose of transmitting a message.

Bus arbitration is accomplished via a combination of meth-
ods which include an MCU software comparison of transmit-
ted bytes to reflected bytes, the SBIC's collision detection
circuit, and its start bit arbitration detector circuits.

Collision Detection

The SBIC's collision detector circuit compares the bits being
sent from a user microcomputer to the reflected byte simul-
taneously received back from the differential bus. If the colli-
sion detector detects a difference in the data, it immediately
blocks the user microcomputer's transmitted data from fur-



ther reaching the bus. This will happen, as stated in the "Pri-
oritization" section, when a micro with a higher priority
addressilD byte attempts "simultaneous" transmission (actu-
ally, Le. within a time window of 1/4 bit time).That micro, with
a higher priority ID byte, is obviously sending a O-bit and its
reflected byte matches the byte it is sending. Not detecting a
collision, it continues to transmit its message, while the lower
priority MCU is cut off from transmitting on the bus. The
lower priority micro will be inhibited from transmitting on the
bus until the message presently on the bus has ended
(EOM = "End of Message" condition).

End of Message Condition

After transmitting the last byte of a message, the transmitting
MCU must generate an End of Message (EOM) condition.
An EOM condition is defined as a 1O-bit length idle condi-
tion, Le., the bus must remain idle (logic1) for a period of 10-
bit times (1280 internal clock periods). This can be done by
merely creating a 10-bit delay in MCU software.

Start Bit Arbitration Detection

Arbitration. as discussed above. is only necessary when two
or more micros attempt to transmit within 1/4 bit time (32
internal clock periods) of each other. Otherwise, once a
micro begins a transmission on the differential data bus, all
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XMIT .3 """"L-..:..-._ .......•......__ .r--....
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other SBI chips sense the start bit and inhibit their microcom-
puters from transmitting (again, after a 32 clock period arbi-
tration window delay). Once the arbitration detector circuit
has blocked an MCU's transmission, access to the bus will
be blocked until an End of Message condition.

Start of Message Delay

In order to properly synchronize various MCU's (which may
be using different modes of operation) for impartial arbitra-
tion, each node must delay 2-bit times (256 internal clock
periods) after detecting the IDLE signal drop low before
transmitting, i.e., before the start bit of the next message
reaches the bus. When using the SPI or Buffered SPI
modes, this delay is automatically designed into the SBI
chip. However, when using the SCI mode, the MCU must
support this required delay. Fortunately, 68HC05 microcom-
puters using the SCI port will inherently experience a delay
between the time that the SCI data register is loaded and the
time that the start bit actually appears on the SCI port trans-
mit pin (TxD). At a baud rate of 7812.5 bps this delay can be
as long as 256 SBI chip internal clock periods. If this is so,
then the user MCU does not have to worry about providing
this delay.

START
BIT

(1)'

STOP
234567BIT,
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NOTES:

1. USER#1 is notetransmitting+ marking.
2. Pointat whichUSER#2 losesbusarbitration.
3. Pointat whichUSER#3 losesbusarbitration.
4. Pointat whichUSER#3 losesbusarbitration.
5. This '1' bit is notoverriddenby the '0' bitsfromusers2 and3 becauseboth users2 and 3 haveprevi-

ouslybeenblockedfrombusaccessdueto datacollisions.
6. Thecontrolpinon the transmittingnodegoes lowea~lerInbothSPI modes(It Is pulledlowby micro).
7. Thecontrolpin remainslowuntil the endof the lastdata bit of the 2 byteset whenusingthe buffered

SPI mode,butgoes highat the middleof the lastdata bit in othermodes.
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Idle Detection

An idle detector circuit is used to detect when the differentialbus
is in the idle condition, i.e., no user microcomputer has control of
the bus and the bus is sitting at a mark condition (a logic one).
The idle detector senses a received stop bit and delays for a
short idle period of 1o-bit times, during which the bus must
remain idle.The idle output pin is then set to a logic zero (true). It
is later set to a logic one by receiving a start bit. During the 1o-bit
time delay, if a non-idle condition such as noise isdetected on the
bus, the delay periiodcounter will be restarted.

Due to the 10-bit time idle delay period, once an MCU wins
bus arbitration, it should send the next data byte to be trans-
mitted within a period of 1O-bit times (1280 internal clock
periods). Each subsequent data byte to be sent should also
not exceed the interbyte maximum of 10-bit times. If this
maximum is exceeded, all SBIC chips will have detected the
idle condition and now pull their idle lines low and reset their
bus arbitration and collision detection circuits, thereby allow-
ing other SBI chips with messages to send to arbitrate for the
bus. Figure 6 shows the detailed operation of the serial bus
interface chip during bus arbitration. This example shows the
arbitration of a single byte (e.g. the address/lO byte) from
three different user microcomputers. Two full arbitration
cycles are shown.

Break Generator

A request for arbitration can be generated by a node that
needs to interrupt transmission of a long data string. This
can be accomplished by forcing the SBIC's IDLE pin to a
logic zero; this forces a data collision (by sending O-bits)
after three data bytes have been transmitted, and the trans-
mitting MCU is required to detect this break condition and
stop transmitting. It is, however, allowed to re-arbitrate for the
bus and the interrupting mode may not generate a second
break condition if it loses arbitration.

Following are some hardware and software recommenda-
tions for using COP68HC68S1 Serial Bus Interface Chip.
Requirements may vary depending upon the user's system
configuration.

The differential bus lines (BUS+ and BUS-) must be termi-
nated with external resistors as shown in Figure 4. This
applies, however, only to one node (an MCU/SBIC pair)
along the bus. Since all SBI chips are wired in parallel across
the network bus, there is no need for additional 13K bias
resistors at each node. The 1200 termination resistors
should, however, be present at two nodes if the network
does indeed contain two or more nodes. The 1200 resistor
provides the voltage drop across which the SBI chip senses
logic zero and logic 1-bits. If two nodes each utilize 1200 ter-
mination resistors as shown in Figure 7A, the effective resis-
tance across the BUS+ and BUS· pins drop to 600 total (due
to the parallel wiring method). Any less resistance would not
provide an ample voltage drop for the receiver cell op amp to
sense. Following these guidelines, typical systems might
look like those shown in Figure 7.

o
'"l!i MCU
ii:

'"

NOTE: Hardwareconfigurationforanetworkconsistingoftwo
microcomputers.Noticethatthepullupresistorisconnectedto
the BUS-pin andthe pulldownto BUS+.

NOTE: Hardwareconfigurationfor a networkconsistingof 3 or
moreMCU's.Noticethat the busutilizesno morethan 1set of 13K
biasresistorsandno morethan two 1200 terminationresistors.

FIGURE 7B.

FIGURE 7. HARDWARE CONFIGURATION FOR A NETWORK
OF MICROCOMPUTERS

Although each user's protocol may vary, the following gen-
eral procedure should be followed when using the SBI chip
in any mode:

When a microcomputer is preparing to transmit a message it
should monitor the SBIC's IDLE pin and wait for it to go low
(logic zero) indicating the bus is idle. Then the MCU
attempts to transmit the first byte (preferably an AddressllO
byte). If no other MCUs are transmitting at this time, or if this
MCU has the highest priority 10 byte, the SBI chip's collision
detector circuit will permit transmission.

The microcomputer must then confirm transmission by read-
ing the byte reflected back from the bus. If this byte matches
the byte transmitted then the MCU has gained control of the
bus and may continue to transmit the remainder of the mes-
sage (if any).

If the reflected byte does not match the 10 byte sent then the
MCU has not gained control of the bus and may not pres-
ently transmit. It should, however, check the reflected 10
byte to see if the incoming message (Le. the message from
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the arbitration-winning MCU) is of any interest. If so, it
should save the incoming message (the length of which may
be specified in the ID byte) and then wait for the IDLE line to
go high before re-attempting transmission (if still desired).
The flowchart in Figure 8 reflects this procedure.

required in order to always be able to receive messages
from other microcomputers on the bus, which can happen at
random. For the SCI mode. the SBI chip's MODE pin must
be set to1 and the CS pin to 1.

SCI Mode, Software
The procedure to follow for transmitting/receiving in the SCI
mode is basically identical to that stated in the "Using the
CDP68HC68S1-Software" section above, with the following
exception:

Start of Message Delay

Transmitting a byte via the 68HC05 SCI port basically requires
loading the byte into the MCU's SCI data register (once the SCI
port is initialized). However, after the SBIC's IDLE pin drops
low, the user may have to create a delay before transmitting the
FIRST byte of a message; this necessary 2-bit time (256 inter-
nal clock periods) delay is called the Start of Message (SOM)

In the SCI mode. the TxD and RxD pins on the user micro-
computer must be connected to the XMIT and REC pins on
the SBIC Chip, respectively, as shown in Figure 9. The
MCU's SCI port should be configured for the same baud rate
and character format as that used by the bus interface (I.e. 1
start bit, 8 data bits and 1 stop bit). The start and stop bits
are used to synchronize the data, a byte transfers between
the user microcomputer and the SBI chip. When using the
SCI mode, the SBI chip should always be properly mode and
chip selected. This can be accomplished by either a user
microcomputer output signal or by permanent wiring. This is
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The Master Out Slave In, (MOSI), and Master In Slave Out,
(MISO), pins on the user microcomputer are connected to

DIFFERENTIAL the REC and XMIT pins of the S61 chip, respectively, as
BUS shown in Figure 10. The SCK pins on the user microcom-

puter and the S61chip are connected together. Synchroniza-
tion of data transferred between the user microcomputer and
the S61chip is done by using the SCK signal provided by the
S61chip.

In the SPI mode of operation the S61 chip should always be
properly mode selected. This may be accomplished either
by a user microcomputer output signal or by permanent wir-
ing in order to guarantee that the S61 chip will always be
able to receive messages from other microcomputers on the
bus, which may happen at random. To select the SPI mode,
set the MODE pin to a logic I and the CS pin to a logic O.

delay. Fortunately, SCI ports exhibit an inherent delay between
the loading of the transmit data buffer and the actual beginning
of the start bit appearing on the TXD pin. This delay, at 7812.5
Baud, can be as long as 256 SBI chip internal clock periods
and can be used to synchronize SCI users with SPI and Buff-
ered SPI users to ensure impartial bus arbitration. The delay for
a particular microcomputer must be determined by the user. If
this inherent delay is less than 256 clock periods, then the user
must delay the loading of the first byte enough to ensure that
the total delay including the inherent delay of the SCI port is 256
clock periods.

MCU
TxD

RxD

PAo

SBIC

XMIT BUS.
REC

IDLE

FIGURE 9. USING THE SCI MODE

Monitoring the IDLE Pin

The user microcomputer must monitor the IDLE pin on the SBIC
chip in order to determine when a message ends, when the next
received byte is a Msg 10 byte, and when to attempt arbitration
if the user microcomputer has a message to transmit.

The user microcomputer must be able to both detect when
the IDLE signal goes from high to low and sense at other
times whether it is either high or low. Detecting the change
from high to low is necessary in order to know exactly when
the bus goes idle. An MCU can then begin bus arbitration by
attempting to transmit. Being able to sense the level of IDLE
is necessary in order to be able to start transmitting a mes-
sage sometime after IDLE has gone low but no other user on
the bus has had a message to transmit for a length of time.

Instead of polling the IDLE pin via an MCU input pin, the
user may wish to conserve CPU time by using interrupts to
monitor bus activity. The user microcomputer's external
interrupt pin (IRQ) can be used to edge detect the IDLE pin
for high to low transitions.

Using 68HC05 SCI Port Flags

During message reception, the 68HC05 SCI port receive
data register full flag (RDRF), and optionally its associated
interrupt, can be used by the user microcomputer to deter-
mine when to unload the next received byte.

The user may wish to ignore the RDRF flag and disable the
RDRF interrupt during reception of an unwanted message.
In this case the user can merely wait for the IDLE pin to go
low before attempting any further actions.

The normally available transmit data register empty flag
(TORE) can be used to determine when to load the next byte
to be transmitted onto the bus. If there are no more bytes to
be transmitted, then consider the last message as having
been transmitted, and generate an End Of Message (EOM)
(I.e. transmit a logic 1 for 10 contiguous bit times by creating
a software delay).

Framing Errors

While in the SCI mode, the SBI chip is capable of detecting
incoming framing errors. It will do this even though the
incoming signal is also echoed to the user microcomputer,
which should also detect the framing error via its' UART.
When a framing error is detected by the SBI chip, the gener-
ation of the 5CK pulses is terminated until and End Of Mes-
sage is detected.
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FIGURE 10. USING THE SPI MODE

The user microcomputer should configure its SPI port for
slave mode operation with SCK positive polarity and data
transfer on SCK leading edge (I.e. CPOL = 0, CPHA = 1, for
68HC05 microcomputers). 8-bit data transfers between the
user microcomputer and the S61 chip occur at differential
bus transfer speed.

In the 5PI mode, the user microcomputer operates in the
slave mode and the SBI chip operates as the master. The
SS pin on the user microcomputer must be wired low or
forced low whenever the 5BI chip has incoming data. It may
be useful to connect the CONTROL pin of the S61chip to the
Slave Select (55) pin of the 68HC05 microcomputer. The
S61 chip will then control the user microcomputer's SPI port.
The user microcomputer can request transmission of data
onto the bus by the S61 chip by loading data into its 5PI data
register and then pulling the S61C's CONTROL pin low (for
at least 1~s). However, it must do so before the SBI chip has
begun to receive data from another MCU.



The SPI mode is similar to SCI mode in that the user micro-
computer sends/receives data to/from the SBI chip 1 byte at
a time. In the SPI mode, however, the user microcomputer
must reverse the bit order of transmitted and received bytes.
When transmitting a message, each bit of a transmitted byte
is simultaneously transmitted onto the bus and a reflected bit
is simultaneously received from the bus.

Monitor and Control of the CONTROL Line

In the SPI mode, the user microcomputer monitors the CON-
TROL pin on the SBI chip in order to determine if the SBIC is
ready to accept a transmit request. Actually, a data collision
may still occur and the user microcomputer must always be
ready to handle it.

The CONTROL signal is normally high and goes low when
data is on the bus or when pulled low by the user microcom-
puter. After being pUlled low by the user microcomputer, which
signals a request to begin the transmission data, the CON-
TROL signal will latch low and stay low until the middle of the
last data bit has been transmitted and appears on the bus.

The CONTROL signal will also go low at the beginning of the
first data bit, when received from the bus. It will then go high
at the middle of the last data bit.

When the SBI chip begins to receive a byte of data from the
bus and the user microcomputer has not pulled the SBIC's
CONTROL line low, the SBI chip will pull CONTROL low and
start generating the SCK clock signal. As each data bit is
received it is clocked out of the SBI chip and into the user
microcomputer. Any data in the user microcomputer's SPI
data register will be transferred out and into the SBI chip.

The CONTROL signal will go high at the midpoint of the
eighth data bit. This will allow the user microcomputer to
have enough time to review the just received SPI data and
reload it, if further data is needed to be transmitted. How-
ever, it must again pull the CONTROL pin low to signal he
SBI chip that it should begin transmitting. As a slave to he
SBI chip, the user microcomputer must be able to and Ie the
incoming data on the SPI port without affecting its other soft-
ware routine functions.

Detecting IDLE via a User Microcomputer External
Interrupt

The user microprocessor's external interrupt should be set
to edge detect IDLE for falling transitions, i.e. EOM detec-
tion. If possible, detect CONTROL for rising transitions, for
byte transmission/reception complete detection.

Use of Internal User Microcomputer Flags and Interrupts

The normally available SPI finished flag (SPIF) and optionally
ns associated interrupt may be used by the user microcomputer
to know when a byte transmission/reception of is complete.

The user microcomputer should be ready to handle the Write
Collision, WcOL, error flag. The WCOL flag is set when a
collision is detected in the SPI port. This will occur when the
user microcomputer tries to load a byte into the SPI data
register after the SBI chip has already begun to load data
into the SPI port.

Sending Messages to Other Microcomputers on the Bus

In order to send a message to other microcomputers on the
bus while in the SPI mode the user microcomputer should:

1. Monitor the IDLE pin and determine if the bus is currently
busy or if a transmission may be immediately started.

2. Monitor CONTROL to determine if it is ok to load the byte
to be transmitted into the user microcomputer's SPI data
register.

3. Load the byte to be transmitted into the SPI data register.
4. Pull the CONTROL pin low to signal the SBI chip to start

a byte transmit cycle.
5. Wait until the byte transmit cycle is completed as signaled

by the SPI Finished, SPIF, flag/interrupt in the SPI port or
by the CONTROL signal going high.

6. Compare the received byte with the last transmitted byte.
7. If the received byte equals the last transmitted byte, and

more bytes remain to be transmitted, then continue the
cycle with step #3. If there are more messages to trans-
mit, then go to step #1. If there are no more bytes to be
transmitted, then consider the message as having been
transmitted, and generate an End Of Message (EOM)
(i.e. delay for 10 contiguous bit times). Go to step #1.

8. If the received byte does not equal the last transmitted
byte and this is the first byte of a message, then treat the
received byte as the first byte of a received message (i.e.
the ID byte). Attempt to retransmit the previous message
after the IDLE signal has gone low again. If this happens
during the transmission of a later message byte, other
than the ID byte, then consider it due to either an errone-
ous data collision on the bus or due to noise collisions on
the bus causing the message to have to be re-transmit-
ted. Go to step #1.

Framing Errors

While in the SPI mode, the SBI chip is capable of detecting
incoming framing errors. If one is detected, generation of the
SCK pulses to the user microcomputer is terminated. The
SBI chip essentially quits receiving data and starts looking
for an End Of Message. Resetting of the SCK generator will
occur upon receiving an EOM. Meanwhile, software must be
prepared to resynchronize the micro's SPI port; this can be
done by disabling and then reinitializing it.

Even though the SBI chip can detect framing errors, it can
not flag the user microcomputer that one has occurred.
Since the previously received byte has already been trans-
ferred to the user microcomputer, the SBI chip will simply
refuse to accept any further incoming data until an EOM
occurs. Thus, one way that the user microcomputer may
detect that the received data is valid, is via using a check
sum byte imbedded within each message. Another way
would be to compare the number of bytes received fora par-
ticular ID to the number expected for that ID.

The MOSI and MISO pins on the user microcomputer should
be connected to the XMIT and REC pins of the SBI chip
respectively. The SCK pins on the user microcomputer and
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the SBI chip should also be connected together, as shown in
Figure 11. Synchronization of the data that is transferred
between the user microcomputer and the SBI chip is done by
the SCK signal which is provided by the user microcomputer.

The Slave Select (SS) pin on the user microcomputer must
be wired high or forced high whenever the SBI chip is
selected.

The user microcomputer should configure its SPI port for
master mode operation, SCK low polarity, and data transfer
on first edge (i.e. CPOL = 0, CPHA = 1 for 68HCOS micro-
computers).

The SBI chip must be chip selected either by a user micro-
computer output signal or by permanent wiring of its pins. To
select the Buffered SPI mode, set the MODE pin and the CS
pin to logic zero. This is required in order to transfer data
between the SBI chip and the user microcomputer. However,
in the Buffered SPI mode, since the MCU is operating as a
master and controls the SPI port, chip selection is only
required during when the SPI transfers are actually occurring.

MCU
MOSI

MISO

SCK
SS

PAo
PA,

SBIC
XMIT BUS.
REC

SCK

IDLE
CONTROL

MODE CS

The principle difference between the Buffered SPI mode and
the normal SPI mode is the use of a 2 byte internal buffer.
Also, the Buffered SPI mode allows the user microcomputer
to operate in the master mode, instead of the slave mode,
which allows high speed transferring of data between the
SBI chip's buffer and the user microcomputer.

For typical operation, the user microcomputer loads the
SBI's 2 byte buffer, at a high speed, using its SPI interface.
The 68HCOS's SPI Finished flag (SPIF), and optionally its
associated interrupt, may be used by the user microcom-
puter to know when the transfer of a byte between the user
microcomputer and the SBI chip is complete. Then it signals
the SBI chip, by pulling its CONTROL line low, to transmit the
data in the buffer onto the differential bus.

The SBI chip, at a differential bus speed, then attempts to
transmit the buffered data onto the bus. During this attempt,
the SBI chip will receive two reflected bytes of data back
from the bus, store them in the buffer and then disable the
buffer from receiving further data from the differential bus
until this received data is later unloaded by the user micro-
computer at high SPI transfer speeds. The MCU should also,
at this time, simultaneously load the next 2 bytes of data to
be transmitted into the buffer.

While it is transmitting and receiving the 2 bytes of data on
the differential bus the SBI chip will not allow transfer of data
to and from the user microcomputer. In fact, the SBI chip
does not need to be chip selected during this time.

The bus will override the user microcomputer if incoming
data is received during the time when the user microcom-
puter is performing a data transfer, after having unloaded the
previous 2 bytes. The data from the differential bus will be
loaded into the SBIC buffer, while the data from the user
microcomputer will be lost. The data that the user microcom-
puter will receive during this transfer, is undefined. The user
microcomputer has no way of knowing its transfer has been
aborted unless it either monitors the CONTROL signal for a
rising transition or by detecting that CONTROL was not high
at completion of the SPI transfer.

Monitoring the Control Signal

The user microcomputer should monitor the CONTROL sig-
nal on the SBI Chip, in order to determine whether it is
actively transmitting or receiving data. The CONTROL signal
is used to determine who has access to the 2 byte buffer. Dur-
ing data reception or transmission to the differential bus by the
SBIC its CONTROL pin is low signifying that the differential
bus now has access to the SBIC and the MCU is locked out
from accessing the SBIC. Then when 2 bytes of data have
been received from the differential bus, the SBI chip will pull its
CONTROL line high, signaling to the MCU that the MCU can
now access the SBIC's 2 byte buffer. The MCU may now read
the 2 bytes received and simultaneously transmit two more
bytes (if desired) by performing a 2 byte transfer (a swap of
data), via the MCU SPI port, with the SBIC; then the MCU
pulls the SBIC's CONTROL pin low to transmit the two new
bytes. The CONTROL pin will remain latched low (by the
SBIC) until the two new bytes are transmitted.

The user microcomputer should also monitor the IDLE signal
in order to accurately know when the bus is idle or when bus
arbitration is occurring, when a received message has finished,
and when the next bytes to be received are the beginning bytes
of a new message. Preferably, the user microcomputer's exter-
nal interrupt should be set up to edge detect falling IDLE and
rising CONTROL transitions.

When the CONTROL pin goes high, it signals that the buffer is
full and that the user microcomputer currently has access. When
the IDLE pin goes low, it is signaling that the current message
has been completed, and an MCU may now arbitrate for the bus.

Size of Messages that can be Transmitted or Received

In the Buffered SPI mode, the user microcomputer can only
send messages in 2 byte multiples. Transmitting messages
with an odd number of bytes, to other microcomputers on the
bus, is NOT supported by the SBI chip in Buffered SPI mode.
However, reception of any number of bytes is supported.

In the Buffered SPI mode, the user microcomputer can receive
messages of any length. For odd length messages, the user
microcomputer must know when the message is finished either
from the message 10 byte or via the IDLE signal. Since the SBI
chip will give no indication as to whether the buffer contains one
or 2 bytes of information from the bus, the message length
should be contained within the message data bytes.



When a single byte is received from the bus, followed by a
bus idle condition, the SSI chip will, as it normally does when
the buffer has received 2 bytes, set the CONTROL signal
high. It will then relinquish control of the buffer for data trans·
ferral via the user microcomputer, and restrict access to the
buffer from incoming bus data until the 2 byte data transfer
has been completed.

If only 1 byte is received from the bus, the user microcom·
puter will receive it first when performing the 2 byte data
transfer. The second byte received by the user microcom·
puter, during this transfer, is undefined. A 2 byte transfer is
still required in order to retum control of the buffer back to
the SSI chip, to gather further incoming data from the bus.

Power On/Reset

The SSI chip is reset internally, at power on. After reset, the
CONTROL pin is set high and IDLE is set low. The buffer
access is set as though 2 bytes have just been received from
the bus. A 2 byte transfer must be performed, via the user
microcomputer, in order to initalize the SSI chip for general
operation.

Sending Messages to Other Microcomputers on the Bus

In order to send a message to other microcomputers on the
bus, while in the Suffered SPI mode, the user microcomputer
should:

1. Monitor the SSIC CONTROL pin to know when it is ok to
perform the 2 byte transfer between the user microcom-
puter and the SSI chip.

2. Perform the 2 byte transfer between the user microcom·
puter and the SSI chip for the first 2 bytes of the message.

3. Pull CONTROL low to tell the SSI chip to start a 2 byte bus
transmit cycle.

4. Wait until CONTROL goes high again indicating that the 2
byte transmit cycle has completed.

5. Perform another 2 byte transfer between the user micro-
computer and the SSI chip, thus giving it the next 2 bytes
to be transmitted and giving the user microcomputer the
2 bytes just received.

6. Compare the just received 2 bytes with the 2 bytes which
were attempted to be transmitted.

7. if the received and last transmitted bytes are equal and
more bytes remain to be sent, then continue the cycle
with step #3.

8. If the received and last transmitted 2 bytes are unequal,
then restart with step #2.

Creating an EOM after a Message Transmission

There must be at least a 1D-bit interval of bus idle between
the stop bit of the last byte of one message and the detection
of the start bit of the first byte of the next message. This can
be implemented by either:

1. Including a 10-bit interval time out, via using a timer or
software loop.

2. The user microprocessor can simply wait until it senses
IDLE going low.

Receiving Messages from Other Microcomputers on the
Bus

If the user microcomputer loses arbitration, or if it has no
message to transmit and another microcomputer begins to
send its message onto the bus, the SBI chip will begin to
receive a message from the bus.

The SSIC CONTROL pin will go low at the beginning of the
first data bit that is received from the bus. It will go high
either whenever 2 bytes have been received, or when 1 byte
has been received followed by the bus going idle (i.e. when
IDLE goes low).

The transition of CONTROL from low to high indicates that
the SSI chip has 2 bytes in its internal buffer for the user
microcomputer to retrieve. Whether the SSI chip has
received either 1 or 2 bytes, the user microcomputer must
perform a 2 byte transfer in order to return control of the
buffer back to the SSI chip.

The user microcomputer must detect CONTROL going high
and transfer the 16-bits from the SSI chip before the begin-
ning of the first data bit of the next message or else the bus
will be locked out of accessing the buffer until after both the
next 16-bil transfer is complete and IDLE goes low. Thus, if
there was further incoming data and this did occur, some of
the incoming data may be lost.

Framing Errors
While in the Suffered SPI mode, the SSI chip is capable of
detecting incoming framing errors, however it is unable to
flag this to the user microcomputer. When the SSI chip
detectsaframing error, anyfu rther loading of the SSI chip's
internal buffer is terminated. The SSI chip essentially quits
receiving data and starts looking for an End Of Message.
Resetting of the framing error will occur upon receiving an
EOM.

Even though the SSI chip can detect framing errors, it can
not flag the user microcomputer that one has occurred.
Since the previously received byte has already been loaded
into the SSI chip's buffer, the user microcomputer must
determine whether this data is valid. If a framing error occurs
during the first byte of a 2 byte reception, access to the
buffer will be restricted from the user microcomputer until
and EOM occurs. If a framing error occurs during the second
byte of a 2 byte reception, the user microcomputer will be
given access to the buffer. However, even if the user micro-
computer unloads the buffer, the SSI chip will not load any
further data into the buffer until an EOM occurs. Sasically,
when a framing error occurs, no further data is read from the
bus and buffer access is given to the user microcomputer
either immediately or upon an EOM.

One way that the user microcomputer may detect that the
received data is valid, is by using a check sum byte imbed-
ded within each message. Another way would be to compare
the number of bytes received for a particular 10 to the num·
ber expected for that 10.

Portions of the information contained in this document were
taken and condensed from Chrysler Corporation's "CCD
USER'S MANUAL" issued April 15,1987.
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mHARRIS 68HC68T1
CMOS Serial Real-Time Clock With

RAM and Power Sense/Control

Features
• SPI (Serial Peripheral Interface)

• Full Clock Features
•. Seconds, Minutes, Hours, (12/24, AM/FM), Day of Week,

Date, Month, Year, (0-99), Automatic Leap Year

• 32 Word x a-Bit RAM

• Seconds, Minutes, Hours Alarm

• Automatic Power Loss Detection

• Minimum Standby (Timekeeping) Voltages .•......•.... 2.2V

• Selectable Crystal or SO/60Hz Line Input

• Buffered Clock Output

• Battery Input Pin That Powers Oscillator and Also Connects
to the VDD Pin When Main Power Fails

• Three Independent Interrupt Modes
•. Alarm
•. Periodic
•. Power-Down Sense

Description
The CDP68HC68T1 real-time clock provides a time/calendar
function, a 32 byte static RAM and a 3 wire serial
peripheral interface (SPI bus). The primary function of the clock is to
divide down a frequency input that can be supplied by the on-board
oscillator in conjunction with an external crystal or by an external
clock source. The clock either operates with a +32kHz, +1 MHz,
+2MHz or +4MHz crystal or it can be driven by an external clock
source at the same frequencies. In addition, the frequency can be
selected to allow operation from a 50Hz or 60Hz input. The time
registers furnish seconds, minutes and hours while the calendar
registers offer day of week, date, month and year information. The
data in the time/calendar registers is in BCD format. In addition, 12 or
24 hour operation can be selected with an AM-FM indicator
available in the 12 hour mode. The T1 has a separate clock output
that supplies one of 7 selectable frequencies.

Computer handshaking is established with a "wired or"
interrupt output. The interrupt can be activated by anyone of three
separate internal sources. The first is an alarm circuit that consists of
seconds, minutes and hours alarm latches that trigger the interrupt
when they are in coincidence with the value in the seconds, minutes
and hours time counters. The second interrupt source is one of 15
periodic signals that range from subsecond to daily intervals. The
final interrupt source is from the power-sense circuit that is used
with the LINE input pin to monitor power failures. Two other pins, the
power supply enable (PSE) output and the VSYS input are used for
external power control. The CPUR reset output pin is available for
power-down operation and is activated under software control.
CPUR is also activated by a watchdog circuit that if enabled requires
the CPU to toggle the CE pin periodically without a serial data
transfer.

The CDP68HC68T1 is available in a 16 lead hermetic dual-in-Iine
ceramic package (D suffix), in a 16 lead dual-in-Iine plastic package
(E suffix), and in a 20 lead small outline plastic package (M suffix).

CLK OUT I 16 Voa
CPUR 2 15 XTAL OUT

INT 3 14 XTAL IN

SCK 4 13 VSATT

•• eSI 5 12 VSYS

MISO 6 II LINE

CE 7 10 POR

VSS a 9 PSE

92:CS-380!5-3

CLX OUT
CPUR

iNf
HC

SCK
W051

WISO
C[

VSS

PS[

v 00
XTAlOUT
XTAllN

HC
V

BATT
Y SYS
HC

HC

LINE

PaR

CAUTION: These devices ere sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
Copyright © Harris Corporation 1994



Maximum Ratings Absolute Maximum Values

DC Supply Voltage Range, (VDD) -O.SVto +7V
(Voltage Referenced to VSS Terminal)

Input Voltage Range, -O.SVto VDD +O.SV
(All Inputs Except Line), VSYS ~ VDD +1.SV
DC Input Current, Any One Input. ±10mA
(Line Input, -1 OmA)

Power Dissipation Per Package (Po)
TA = -400C to +600C (Package Type E) SOOmW
TA = +600C to +8SoC (Package Type E) Derate Linearly at

12mW/OC to 200mW
TA = -SSoC to +1000C (Package Type D) SOOmW
TA = +1 OOoCto +12SoC (Package Type D) Derate Linearly at

12mW/oC to 200mW
TA = -40°C to +700C (Package Type M)* 400mW
TA = + 700C to +8SoC (Package Type M)* Derate Linearly at

6.0mW/oC to 310mW
*Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm thick Gl 0 epoxy glass, or equivalent.

Device Dissipation Per Output Transistor 40mW
TA = Full Package Temperature Range (All Package Types)

Operating Temperature Range (TA)
Package Type 0 -SSoC to +12SoC
Package Type E, M -40°C to +8SoC

Storage Temperature Range (TSTG) -6SoC to +1S00C
Lead Temperature (During Soldering) +26SoC
At Distance 1/16 ± 1/32 In. (1.S9 ± 0.79mm) From Case for
10s Max

Operating Conditions at TA = -400C To +850C
For maximum reliability, operating conditions should be selected so that operation is always within the foltowing ranges:

LIMITS

CHARACTERISTICS MIN MAX UNITS

DC Operating Voltage Range 3 6 V

DC Standby (Timekeeping) Voltage' VSTBY 2.2 - V

Input Voltage Range (High) VIH 0.7Voo Voo +0.3 V

Input Voltage Range (Low) (Except Line Input) VIL -0.3 O.3VDD

Serial Clock Frequency (VDD = 4.SV) fSCK - 2.1 MHz
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LIMITS
CHARACTERISTIC CONDITIONS CDP68HC88T1 UNITS

MIN. TYP,- MAX.
Quiescent Device Current 100 - - 1 10 /lA
Output Voltage High Level VOH IOH= -1.6 mA, Voo = 4.5 V 3.7 - -
Output Voltage Low Level VOL IOl = 1.6 mA, Voo = 4.5 V - - 0.4
Output Voltage High Level VOH IOH:5 10 /lA, Voo = 4.5 V 4.4 - - V

Output Voltage Low Level VOL IOl< 10 /lA, Voo = 4.5 V - - 0.1
Input Leakage Current I,N - - - ±1
3-State Output Leakage Current louT - - - ±10 /lA

Operating Current# 32 kHz - 0.08 0.1
(10 + I.) Voo = VB= 5 V 1 MHz - 0.5 0.6
Crystal Operation 2 MHz - 0.7 0.84

4 MHz - 1 1.2
Pin 14 32 kHz 0.02 0.024

mA-
External Clock (Squarewave)# 1 MHz - 0.1 0.12
(10 + I.) Voo = VB = 5 V 2 MHz - 0.2 0.24

4MHz - 0.4 0.5
Standby Current# I. 32 kHz - 20 25

VB= 3 V 1 MHz - 200 250
Crystal Operation 2 MHz - 300 360

4 MHz - 500 600 /lA

Operating Current# 10 IB 10 IB

Voo = 5 V, VB= 3 V 32 kHz - 25 15 30 20
Crystal Operation 1 MHz - 0.08 0.15 0.1 0.18

2 MHz - 0.15 0.25 0.18 0.3 mA
4MHz - 0.3 0.4 0.36 0.5

Standby Current# I.
VB= 2.2 V 32 kHz - 10 12 /lA
Crystal Operation

Input Capacitance C,N VON= 0, TA = 25°C - - 2 pF
Maximum Rise and Fall Times t"t,

(Except XTAL Input and POR Pin 10) - - - 2 IJS

Input Voltage (Line Input Pin - 0 10 12
Onlv. Power-Sense Model

Vsys> VB V. V
(For VB Not Internally - - 0.7 -
Connected to Vool

Power-On Reset IPOFIl Pulse Width 100 75 - ns

• Typical valuesare for TA= 25°C and nominal VDD•

# Clock Out (Pin 1) disabled, outputs open-circuited. No serial accesscycles.



--
0 $00 32 SECONDS r, W

33 MINUTES r, W

34 HOURS r, W

32 RAM LOCATIONS DAY OF WEEK r, W35

36 DATE r, W

37 MONTH r,w

31 $1F 38 YEARS r, W

32 $20 39 NOT USED

40 SEC ALARM W
CLOCK/CALENDAR

41 MIN ALARM W

50 $32 42 HRSALARM W

51 $33 43 NOT USED

44 NOT USED

45 NOT USED

13 BYTES UNUSED
46 NOT USED

47 NOT USED

48 STATUS REGISTER r

63 $3F 49 CONTROL REGISTER r, W--
85 TEST MODE $55 50 INTERRUPT CONTROL REGISTER r,w--

ADDRESS DECIMAL BCD DATA BCD DATE.

LOCATION (H) FUNCTION RANGE RANGE EXAMPLE

20 Seconds 0-59 00-59 18

21 Minutes 0-59 00-59 49

22 • Hours 1-12 81-92 (AM) A3
12 Hour Mode A1-B2 (PM)

Hours 0-23 00-23 15

24 Hour Mode

23 Day of the Week 1-7 01-07 03

(Sunday = 1)

24 Day of the Month 1-31 01-31 29
(Date)

25 Month 1-12 01-12 10
Jan = 1, Dec = 12

26 Years 0-99 00-99 85

28 Alarm Seconds 0-59 00-59 18

29 Alarm Minutes 0-59 00-59 49

2A •• Alarm Hours 1-12 01-12 (AM) 23
12 Hour Mode 21-32 (PM)

Alarm Hours 0-23 00-23 15
24 Hour Mode

• Example: 3:49:18. Tuesday. Oct. 29, '1985.
• Most significant Bit. D7. is "0" for 24 hours. and "1" for 12 hour mode.

Data Bit D5 is "1" for P.M. and "0" for A.M. in 12 hour mode.

•• Alarm hours. Data Bit OS is.''1'' 'or P.M. and
"0" for A.M. in 12 hour mode.

Data Bits D7 and D6 are DON'T CARE.

en en::>...1
alcs:
...I a:
CS:W
-::I:a:c..w_
ena:-w3ic..



I HEX ADDRESS I

NOTE: X = DON'T CARE WRITES
X = 0 WHEN READ

12 PM/AM
HR. X TENS 0-224

DB7, 1 = 12 HR, 0 = 24 HR
DB5 = 1 PM, 0 = AM
HOURS (01-12 OR 00-23)

SUNDAY = 1
DAY OF WK (01-07) ---

01-28

(DATE) (29)
DA Y OF MONTH ~~-

MONTH (01-12)- JAN = 1 _
DEC = 12

PM/AM

TENS 0-2

ALARM HOURS (01-12 or 00-23)
PLUS AM/PM IN 12 HR. MODE
PM = 1, AM = 0

READ ONLY REGISTER

86:5~



The SPI real-time clock consists of a clock/calendar and a
32 x 8 RAM. Communications is established via the SPI
(Serial Peripheral Interface) bus. In addition to theclock/ca-
lendar data from seconds to years, and system flexibility
provided by the 32-byte RAM, the clock features computer
handshaking with an interrupt output and a separate
squarewave clock output that can be one of 7 different
frequencies. An alarm circuit is available that compares the
alarm latches with the seconds, minutes and hours time
counters and activates the interrupt output when they are
equal. The clock is specifically designed to aid in power-
down/up applications and offers several pins to aid the
designer of battery back-up systems.
Mode Select
The voltage level that is present at the V.y• input pin at the
end of power-on-reset selects the device to be in the single
supply or battery back-up mode.
Single-Supply Mode-If V.y• is a logic high when power-
on-reset is completed, ClK OUT, PSE and CPUR will be
enabled and the device will be completely operational.
CPUR will be placed low if the logic level atthe V.y~oes
low. If the output signals ClK OUT, PSE and CPUR are
disabled due to a power-down instruction, V.y. brought to a
logic low and then to a logic high will re-enable these
outputs. An example of the single-supply mode is where
only one supply is available and Voo,VSATTand V.y• are tied
together to the supply.
Battery Back-up Mode-If VSYS is a logic low at the end of
power-on-reset, ClK OUT, PSE and CPUR will be
disabled (ClK OUT, PSE and CPUR low). This
condition will be held until V.y• rises to a threshold (about
0.7 volt) above VSATT.The outputs ClK OUT, PSEand CPUR
will then be enabled and the device will be operational. If
V.y• falls below a threshold above VSATT,the outputs ClK
OUT, PSE and CPUR will be disabled. An example of
battery back-up operation occurs if V.y• is tied to Voo and
Voo is not connected to a supply when a battery is
connected to the VSATTpin. (See Pin Functions VSATTfor
Battery Back-up Operation)

CLOCK/CALENDAR (See Fig•. 1 and 2.)
The clock/calendar portion of this device consists of a long
string of counters that is toggled by a 1-Hz input. The 1-Hz
input is generated by a prescaler driven by an on-board
oscillator that utilizes one of four possible external crystals
or that can be driven by an external clock source. The 1-Hz
triggerto the counters can also be supplied by a 50 or60-Hz
input source that is connected to the LINE input pin.
The time counters offer seconds, minutes and hours data in
12 or 24-hour format. An AM/PM indicator is available that
once set, toggles every 12 hours. The calendar counters
consist of day (day of week), date (day of month), month
and years information. Data in the counters is in BCD
format. The hours counter utilizes BCD for hour data plus
bits for 12/24 hour and AM/PM. The 7 time counters are
accessed serially at addresses 20H through 26H. (See Table
I).
RAM
The real-time clock also has a static 32 x 8 RAM that is
located at addresses 00-1FH.Transmitting the address/con-
trol word with bit Slow selects RAM access. Bits 0 through 4
select the RAM location.
ALARM
The alarm is set by accessing the three alarm latches and
loading the required data. The alarm latches consist of

seconds, minutes and hours registers. When their outputs
equal the values in the seconds, minutes and hours time
counters, an interrupt is generated. The interrupt output
will go low if the alarm bit in the Interrupt Control register is
set high. The alarm interrupt bit in the Status register is set
when the interrupt occurs.' To preclude a false interrupt
when loading the time counters, the alarm interrupt bit
should be set low in the Interrupt Control register. This
procedure is not required when the alarm time is set.
WATCHDOG FUNCTION (See Fig. 8.)
When bit 7 in the Interrupt Control register is set high, the
Clock's CE (chip enable) pin must be toggled at a regular
interval without a serial data transfer. If the CE is not
toggled, the clock will supply a CPU reset pulse and bit 6 in
the Status Register will be set. Typical service and reset
times are listed below.

50 Hz 60 Hz XTAL

Min. Max. Min. Max. Min. Max.

Service Time - 10ms - 8.3ms - 7.8ms

Reset Time 20 40ms 16.7 33.3ms 15.6 31.3m!

CLOCK OUT
The value in the 3 least significant bits of the Clock Control
register selects one of seven possible output frequencies.
(See Clock Control Register). This squarewave signal is
available at the ClK OUT pin. When Power-Down operation
is initiated, the output is set low.
CONTROL REGISTERS AND STATUS REGISTERS
The operation of the Real-Time Clock issontrolled by the
Clock Control and Interrupt Control registers. Both registers
are read-write registers. Another register, the Status register,
is available to indicate the operating conditions. The Status
register is a read-only register.

POWER CONTROL
Power control is composed of two operations, Power Sense
and Power Down/Up. Two pins ar~volved in power
sensing, the LINE input pin and the INT output pin. Two
additional pins are utilized during power-down/up opera-
tion. They are the PSE (Power Supply Enable) output pin
and V.y• input pin.
POWER SENSING (See Fig. 3.)
When Power Sensing is enabled (Bit 5 : 1 in Interrupt
Control Register), AC transitions are sensed at the LINE
input pin. Threshold detectors determine when transitions
cease. After a delay of 2.68to 4.64 ms plus the external input
circuit RC time constant, an interrupt is generated and a bit
is set in the status register. This bit can then be sampled to
see if system power has turned back on. See PIN
FUNCTIONS, LINE PIN. The power-sense circuitry operates
by sensing the level of the voltage presented at the line input
pin. This voltage is centered around Vooand as long as it is
either plus or minus a threshold (about 1 volt) from Voo a
power-sense failure will not be indicated. With an ac signal
present, remaining in this Voo window longer than a
minimum of 2.68 ms will activate the power-sense circuit.
The larger the amplitude of the ac signal, the less time it
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REAL-TIME CLOCK
VOO COP68HC68TI

I I I I I 1'1
STATUS REGISTER

spends in the Veewindow and the less likely a power failure
will be detected. A 60-Hz, 10 V.-p sinewave voltage is an
applicable signal to present at the LINE input pin to set up
the power-sense function.
POWER DOWN (See Fig. 4.)
Power down is a processor-directed operation. A bit Isset in
the Interrupt Control Register to initiate operation. 3 pins
are affected. The PSE (Power Supply Enable) output,
norm~igh, is placed low. The ClK OUT is placed low.
The CPUR output, connected to the processors reset input
is also placed low. In addition, the Serial Interface is
disabled.

PSE

t..
I I LClK OSCOUT L.

RESET

MISO

MOSI

CPU
CDP680~02

I III I I
INTERRUPT
CONTROL
REGISTER

-=l--~
~ --~ VSYS

I
I

~-~S
I
I-:---.r--
I

POWER UP (See Fig •• 5 and 6.)
Two conditions will terminate the Power-Down mode. The
first condition (See Fig. 5) requires an interrupt. The
interrupt can be generated by the alarm circuit, the
programmable periodic interrupt signal, or the power-
sense circuit.
The second condition that releases Power Down occurs
when the level on the VSYS pin rises about 0.7 volt above the
level at the VSATT input, ilfter previously falling to the level of
VSATT (See Fig.6) in the Battery Back-up Mode or VSYS falls
to logic low and returns high in the Single Supply Mode.

r--;;-~;-;;---""-o--<>---+:M~I~S~O:.-I SERIAL
INTERFACE

Fig. 6 - Power-up functional diagram (initiated by a rise in voltage
on the "Vsys" pin).



CLK OUT-Clock output pin. One of 7 frequencies can be
selected (or this output can be set low) by the levels of the
three LSB's in the clock-control register. If a frequency is
selected, it will toggle with a 50%duty cycle except 2 Hz in
the 50-Hz timebase mode. (Ex. if 1Hz is selected, the output
will be high for 500 ms and low forthe same period.) During
power-down operation (bit 6 in Interrupt Control Register
set to "1"), the clock-output pin will be set low.
CPUR-CPU reset output pin. This pin function's as an
N-channel only, open-drain output and requires an external
pull-up resistor.
INT-Interrupt output pin. This output is driven from a
single NFET pull-down transistor and must be tied to an
external pull-up resistor. The output is activated to a low
level when:
1. Power-sense operation is selected (B5 = 1 in Interrupt

Control Register) and a power failure occurs.
2. A previously set alarm time occurs. The alarm bit in the

status register and interrupt-out signal are delayed 30.5
IJS when 32-kHz operation is selected and 15.3 IJS for
2-MHz and 7.61JS for 4-MHz. (See important application
note.)

3. A previously selected periodic interrupt signal activates.
The status register must be read to set the Interrupt output
high after the selected periodic interval occurs. This is also
true when conditions 1and 2 activate the interrupt. If power
down had been previously selected, the interrupt will also
reset the power-down functions.
SCK, MOSI, MISO-See Serial Peripheral Interface (SPI)
section in this data sheet.
CE-A positive chip-enable input. A low level at this input
holds the serial interface logic in a reset state. This pin is
also used for the watchdog function.
Vss- The negative power-supply pin that is connected to
ground.
PSE-Power-supply enable output pin. This pin is used to
control power to the system. The pin is set high when:
1. VSYS rises above the VBATT voltage after VSYS was placed

low by a system failure.
2. An interrupt occurs.
3. A power-on reset (if VSYS is a logic high).
The PSE pin is set low by writing a high into bit 6 (power-
down bit) in the Interrupt Control Register.
POR-Power-on reset. A SChmitt-trigger input that gener-
ates a power-on internal reset signal using an external R-C
network. Both control registers and frequency dividers for
the oscillator and line input are reset. The status register is
resetexceptforthe first time up bit (B4). which is set. Single
~Iy or battery back-up operation is selected at the end of
paR.
LINE - This input is used for two functions. When not used it
should be connected to Voo via a 10kO resistor. The first
function utilizes the input signal as the frequency source for
the timekeeping counters. This function is selected by

setting bit 6 in the Clock Control Register. The second
function enables the line input to sense a power failure.
Threshold detectors operating above and below Voo sense
an ac voltage loss. Bit 5 must be set to "1" In the Interrupt
Control Register and crystal or external clock source
operation is required. Bit 6 in the Clock Control Register
must be low to select XTAL operation.

OSCILLATOR CIRCUIT-The CDP68HC68T1 has an on-
board 150K resistor that is switched in series with Its
internal inverter when 32-kHz is selected via the clock-
control register. Note: When first powered up the series
resistor is not part of the oscillator circuit. (The
CDP68HC68T1 sets up for a 4-MHz oscillator.)

5-30pF

~

ALL FREQUENCYS
RECOMMENDED OSCILLATOR CIRCUIT:
Cl. C2 VALUES CRYSTAL DEPENDENT

'* R USED fOR 32 KHz OPERATION ONLY.
100 K - 300 I( RANGE AS SPECIFIED
BY CRYSTAL MANUFACTURER.

VSYS- This input is connected to the system voltage. After
the CPU initiates power down by setting bit 6 in the
Interrupt Control Register to "1", the level on this pin will
terminate power down If it rises about 0.7 volt above the
level at the VBATT input pin after previously falling below
VBATT + 0.7 volt. When power down is terminated, the PSE
pin will return high and the Clock Output will be enabled.
The CPUR output pin will also retur~. The logic level
present at this pin at the end of ~ determines the
CDP68HC68T1's operating mode.
VBATT- The oscillator power source. The positive terminal of
the battery should be connected to this pin. When the level
on the VSYs pin falls below VBATT +0.7 volt, the VBATT pin will
be internally connected to the Voopin. When the voltage on
VSYS rises a threshold above (- 0.7 V) the voltage on VBATT,
the connection from VBATT to the Voo pin is opened. When
the "LINE" input is used asthe frequency source, VBATT may
beiied to Voo or Vss. The "XTAL IN" pin must be at Vso if
VBATT is at Vos. If VBATT is connected to Voo, the "XTAL IN" pin
can be tied to Vso or Voo.

XTAL IN, XTAL OUT-These pins are connected to a
32,768-Hz, 1.048576-MHz, 2.097152-MHz or4.194304-MHz
crystal. If an external clock is used, it should be connected
to "XTAL IN" with "XTAL OUT" left open.
Voo- The positive power-supply pin.

cncn::)..1
1Xl<
..I a:<w-J:a:n.w_
cna:-w3;n.



START LINE XTAL XTAL 50 Hz CLKOUT CLKOUT CLKOUT
SEL SEL

STOP -- 0 iii"Hz 2 1 0XTAL 1

START·STOP-A high written into this bit will enable the
counter stages of the clock circuitry. A low will hold all bits
reset in the divider chain from 32 Hz to 1 Hz. A clock out
selected by bits 0, 1 and 2 will not be affected by the stop
function except the 1 and 2-Hz outputs.

LINE-XTAL-When this bit is set high, clock operation will
use the 50 or 60-cycle input present at the LINE input pin.
When the bit is low, the crystal input will generate the 1-Hz
time update.

XTAL SELECT-One of 4 possible crystals is selected by
value in these two bits.

o = 4.194304 MHz 2 = 1.048576 MHz
1 = 2.097152 MHz 3 = 32,768 Hz

50-60 Hz-50 Hz is selected as the line input frequency
when this bit is set high. A low will select 60 Hz. The power-
sense bit in the Interrupt Control Register must be set low
for line frequency operation.

CLOCK OUT-The three bits specify one of the 7 fre-
quencies to be used as the squarewave clock output.

o = XTAL 4 = Disable (low output)
1 = XTAU2 5 = 1 Hz
2 = XTAU4 6 = 2 Hz
3 = XTAU8 7 = 50 or 60 Hz

XTAl Operation = 64 Hz

All bits are reset by a power-on reset. Therefore, theXTAl is
selected as the clock output at this time.

POWER
DOWN

POWER
SENSE

INTERRUPT CONTROL REGISTER

WATCHDOG-When this bit is set high, the watchdog
operation will be enabled. This function requires the CPU to
toggle the CE pin periodically without a serial-transfer
requirement. In the event this does not occur, a CPU reset
will be issued. Status register must be read before re-
enabling watchdog.
POWER DOWN-A high in this location will initiate a power
down. A CPU reset will occur, the ClK OUT and PSEoutput
pins will be set low and the serial interface will be disabled.
POWER SENSE-This bit is used to enable the line Input
pin to sense a power failure. It is set high for this function.
When power sense is selected, the Input to the 50/60-Hz
prescaler is disconnected. Therefore, crystal operation is
required when power sense is enabled. An Interrupt is
generated when a power failure is sensed and the power
sense and Interrupt True bit in the Status Register are set.
When power sense Isactivated, a "0" must be written to this
location followed by a "1" to re-enable power sense.
ALARM-The output of the alarm comparator is enabled
when this bit is set high. When a comparison occurs
between the seconds. minutes and hours time and alarm
counters, the Interrupt output is activated. When loading
the time counters, this bit should be set low to avoid a false
interrupt. This is not required when loading the alarm
counters. See PIN FUNCTIONS, INT for explanation of
alarm delay.
PERIODIC SELECT-The value in these 4 bits will select
the frequency of the periodic output. (See Table I).



FREQUENCY TIMEBASE
00-03 PERIODIC-INTERRUPT
VALUE OUTPUT FREQUENCY XTAL LINE

0 Disable

1 2048 Hz X

2 1024 Hz X

3 512 Hz X

4 256 Hz X

5 128 Hz X

6 64 Hz X

50 or 60 Hz X

7 32 Hz X

8 16 Hz X

9 8 Hz X

10 4 Hz X

11 2 Hz X X

12 1 Hz X X

13 Minute X X

14 Hour X X

15 Day X X

0 WATCHDOG TEST FIRST INTERRUPT POWER ALARM CLOCK
MODE TIME TRUE SENSE INTERRUPT INTERRUPT

UP INTERRUPT

WATCHDOG - If this bit is set high, the watchdog circuit
has detected a CPU failure.

POWER-SENSE INTERRUPT - This bit set high signifies
that the power-sense circuit has generated an interrupt.
ALARM INTERRUPT - When the seconds, minutes and
hours time and alarm counter are equal, this bit will be set
high. Status Register must be read before Loading Interrupt
Control Register for valid alarm indication after alarm
activates.
CLOCK INTERRUPT - A periodic interrupt will set this bit
high.
All bits are reset by a power-on reset except the "FIRST-
TIME UP" which is set. All bits except the power-sense bit
are reset after a read of this register.

TEST MODE - When this bit is set high, the device is in the
TEST MODE.

FIRST·TIME UP - Power-on reset sets this bit high. This
signifies that data in the RAM and Clock is not valid and
should be initialized.

INTERRUPT TRUE - A high in this bit signifies that one of
the three interrupts (Power Sense, Alarm, and Clock) is
valid.
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PIN SIGNAL DESCRIPTION
SCK (Serlel Clock Input)" - This input causes serial data to
be latched from the MOSI input and shifted outon the MISO
output. .

MOSI (Melter Out/Sieve In)" - Data bytes are shifted in at
this pin, most significant bit (MSB) first.
MISO (Melter In/Sleve Out) - Data bytes are shifted out at
this pin, most signficant bit (MSB) first.

CE (Chip Eneble)"" - A positive chip-enable input. A low
level at this input holds the serial interface logic in a reset
state, and disables the output driver at the MISO pin.

• Theseinputswill retaintheir previousstateif the linedrivingthem
goesinto a High-Zstate.
•• TheCEinput hasasinternalpull-downdevice-if the input is ina
lowstatebeforegoing to aHighZ, the input canbeleft ina HighZ.

MODE SIGNAL

CE SCK* MOSI MISO

DISABLED L INPUT INPUT HIGHZ
RESET DISABLED DISABLED

WRITE H CPOL=1 J DATA BIT HIGHZ'- LATCH
CPOL=O

READ H CPOL=1 '- X NEXT DATA---.r BIT SHIFTED
CPOL = 0 OUTA

A MISO remains at a High Z until 8 bits of data are ready to be shifted out during a READ. It remains at a High Z during
the entire WRITE cycle.

FUNCTIONAL DESCRIPTION
The Serial Peripheral Interface (SPI) utilized by the
CDP68HC68T1 is a serial synchronous bus for address and
data transfers. The clock, which is generated by the
microcomputer, is active only during address and data
transfers. In systems using the CDP68HC05C4 or
CDP68HC05D2, the inactive clock polarity is determined by
the CPOL bit in the microcomputer's control register. A
unique feature of the CDP68HC68T1 is that it automatically
determines the level of the inactive clock by sampling SCK
when CE becomes active (see Fig. 8). Input data (MOSI) is
latched internally on the Internal Strobe edge and output
data (MISO) is shifted out on the Shift edge, as defined by
Fig. 8. There is one clock for each data bit transferred
(address as well as data bits are transferred in groups of 8).

{

E

CPOL' I

SCK

CPOL'O{E

SCK

NOTE: "CPOL" IS A BIT THAT IS SET IN THE
MICROCOMPUTER'S CONTROL REGISTER

92CS-37945

Fig. 8 - 5arial RAM clock (5CK) as a function of MCV clock
polarity (CPOL).



ADDRESS AND DATA FORMAT
There are three types of serial transfer.
1. Address Control - Fig. 9
2. READ or WRITE Data - Fig. 10
3. Watchdog Reset (actually a non-transfer) - Fig. 11
The Address/Control and Data bytes are shifted MSB first.
into the serial data input (MOSI) and out of the serial data
output (MISO).
Any transfer of data requires an Address/Control byte to
specify a Write or Read operation and to select a Clock or
RAM location, followed by one or more bytes of data.
Data is transferred out of MISO for a Read and into MOSlfor
a Write operation.
ADDRESS/CONTROL BYTE - Fig. 9
It is always the first byte received after CE goes true. To
transmit a new address, CE must first go false and then true
again. Bit 5 is used to select between Clock and RAM
locations.

BIT-'7

j wifi 0 ClK A4 A3 A2 A1 AO
RAM

AO-A4

CLOCK/RAM

Selects 5-Bit HEX Address of
RAM or specifies Clock Register.
Most Significant Address Bit.
If equal to "1", AO through A4
selects a Clock Register.
If equal to "0", AOthrough A4
selects one of 32 RAM locations.
Must be set to "0" when not in
Test Mode
W/R = "1" Initiates one or more
WRITE cycles.
W/R = "0", initiates one or more
READ cycles.

o
W/R

CE ~

READ/WRITE DATA· (S•• Fig. 10)
Read/Write data follows the Address/Control byte.

BIT 7 6 5

L

* SCK CAN BE EITHER POLARITY

Fig. 10 - Read/Write data-transfer weveforms.
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WATCHDOG RESET - (S•• Fig. 11)
When watchdog operation is selected, CE must be toggled
periodically or a CPU reset will be outputted.

I SERVICE I SERVICs....!

~TIME~T1ME

CE n__n~_~:__

ADDRESS AND DATA
Data transfers can occur one byte at a time (Fig. 12) or in a
multibyte burst mode (Fig. 13). Afterthe Real-Time Clock is
enabled, an Address/Control word is sent to select the
CLOCK or RAM and select the type of operation (i.e., Read
or Write). For a single-byte Read or Write, one byte is
transferred to or from the clock register or RAM location
specified in the Address/Control byte and the Real-Time
Clock is then disabled. Write cycle causes the latched clock
register or RAM address to automatically increment.
Incrementing continues after each transfer until the device
is disabled. After incrementing to 1FH the address will
"wrap" to OOHand continue. Therefore, when the RAM is
selected the address will "wrap" to OOHand when the clock
is selected the address will "wrap" 20H.

CE ~ L

WRITE {Mosr ~~ __ A_D_D_R_ES_S_B_Y_T_E W_R_I_T_E_D_A_TA ~

{

Mosr ~_AD_DRESS BYT_E

READ

Mrso (_,._-_-_-_-_-_-_-_-_-_-_-R~E~A~D~~~O_A-_T-A~~~~~~~~~~~~~~~~~~~

t
I:~
II

WRIT E {Mosr ~~A-O-D-R-E-S-S -B-Y-T-E-I--DA-T-A-B-Y-T-E--~I-DA-T-A-B-YT-E--I : I-D-AT-A-B-Y-T-E--~

j?

{

Mosr~ ADDRESS BYTE ~~~~:~~~~

READ

----

W iff ADORE SS ADDRESS BYTE + 1
ADDRESS BYTE + (0-1)--------

Fig. 13 - Multiple-byte transfer waveforms. 92CM-37950



LIMITS (ALL TYPES)

IDENT. NO. CHARACTERISTIC Voo = 3.3 V Voo = 5 V UNITS

Min. Max. Min. Mu.

G) Chip Enable Set-Up Time tevcv 200 - 100 -

CD Chip Enable After Clock Hold Time tevex 250 - 125 -

CD Clock Width High tWH 400 - 200 -

CD Clock Width Low tWl 400 - 200 -

0 Data In to Clock Set-Up Time tovcv 200 - 100 -

CD Clock to Data Propagation Delay tevov - 200 - 100
ns

® Chip Disable to Output High Z texaz - 200 - 100

® Output Rise Time t, - 200 - 100

@ Output Fall Time tf - 200 - 100

® Data In After Clock Hold Time tcve. 200 - 100 -

® Clock to Data Out Active teva. - 200 - 100

© Clock Recovery Time tREC 200 - 200 -

~
MOSI~Wil ~ DO. H)))) )))
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VOO POR ~

INT

VSYS

VOO _

1:
VSATT CPUR

CE
SCK

MOSI

MISO
XTAL IN

RESET
PORT
SCK

MOSI
MISO

Example of a system in which power is always on. Clock
r;rcuit driven by line input frequency.



fil
VBATT VDDj J VDD

I POR

VSYS

TIif IRQ
CDP6BHC6BT1 VDD T CDP

118
6BHC05D2

LINE CPUR RESET
CLK OUT OSC 1

CE PORT( •. gP

MISO MISO

VDD MOSI MOSI

SCK SCK

Example of a system in which the power is controlled by an
external source. The LINE input pin can sense when the
switch opens by use of the POWER-SENSE INTERRUPT.
The CDP68HC68T1 crystal drives the clock input to the
CPU using the ClK OUT pin. On power down when VSYB <
VBATT + 0.7 V. VBATT will power the CDP68HC68T1. A
threshold detect activates a p-channel switch, connecting
VBATT to VOD• VBATT always supplies power to the oscillator,
keeping voltage frequency variation to a minimum.

A Procedure for Power-Down Operation might consist of
the following:

4. The CPU reads the status register again after several
milliseconds to determine validity of power failure.

5. The CPU sets power-down bit 6 and disables all
interrupts in the Interrupt Control Register when power
down is verified. This causes the CPU reset and clock
out to be held low and disconnects the serial interface.

6. When power returns and Vsys rises above VBATT. power
down is terminated. The CPU reset is released and
serial communication is established.

1. Set power-sense operation by writing bit 5 high in the
Interrupt Control Register.

2. When an interrupt occurs, the CPU reads the status
register to determine the interrupt source.

3. Sensing a power failure, the CPU does the necessary
housekeeping to prepare for shutdown.

00:;)..J
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0.047
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2 XTAL~ CP'i1R

J.I Voo

LINE INT

20k CLK
OUT

Voa RTC C£

SPI
VSS

RlSlT
COP

68HC05D2



LINE

VBATT
POR

PSE

XTA L
2MHz

CPUR

Tl

~
elK OUT

TNT

SPI

CE
vSS

REsET

-l;
• OSC1

COP
68HC05C4

IRQ

SPI

PORT

VSS

Example of an automotive system. The Vsys and LINE
inputs can be used to sense the ignition turning on and off.
An external switch is included to activate the system
without turning on the ignition. Also, the CMOS CPU is not
powered down with the system Voo, but is held in a low
power reset mode during power down. When restoring
power the CDP68HC68T1 will enable the ClK OUT pin and
set the PSE and CPUR high.

Fig. 19 - Automotive system diagram.

Those units with a code of 6PG have delayed alarm interrupts
of 8.3ms regardless of CDP68HC68T1's operating frequency.
(SeePIN FUNCTIONS,INT.)In addition, readingthe status reg-
ister before delayed alarm activates will disable alarm signal.
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mHARRIS CDP68HC68W1

• Programmable Frequency and Duty Cycle Output

• Serial Bus Input; Compatible With Motorola/Harris SPI Bus, Simple Shift-
Register Type Interface

• 8 Lead Mini DIP Package

• Schmitt Trigger Clock Input

• 4V to 6V Operation, -400C to +8SoC Temperature Range

• 8M Hz Clock Input Frequency

CLKG. VDD
CS 2 7 PWM

VT 3 6 SCK

Vss " 5 DATA

92C5-"'1211

Description
The CDP68HC68W1 modulates a clock input to supply a variable frequency and
duty-cycle output signal. Three 8-bit registers (pulse width, frequency and control)
are accessed serially after power is applied to initialize device operation. The value
in the pulse width register selects the high duration of the output period. The
frequency register byte divides the clock input frequency and determines the overall
output clock period. The input clock can be further divided by two or a
low power mode may be selected by the lower two bits in the control register. A
comparator circuit allows threshold control by setting the output low if the input at
the VT pin rises above 0.75 volt. The CDP68HC68W1 is supplied in an 8 lead mini
DIP plastic package (E suffix).



Maximum Ratings Absolute Maximum Values

DC Supply Voltage Range,(VDD) ..............••.. -0.5Vto +7V
(Voltage Referenced to VSS Terminal)

Input Voltage Range, All Inputs -0.5V to VDD +0.5V
DC Input Current, Any One Input. ...................•.•. ±1 OmA
Power Dissipation Per Package (PD)
TA = -400C to +600C (Package Type E) 500mW
TA = +6QOC to +850C (Package Type E) ....•• Derate Linearly at

12mW/oC to 200mW

Device Dissipation Per Output Transistor 100mW
TA = Full Package Temperature Range (All Package Types)

Operating Temperature Range (TAl -400C to +850C
Storage Temperature Range (TSTG) -650C to +1500C
Lead Temperature (During Soldering) +2650C
At Distance 1/16 ± 1/32 In. (1.59 ± 0.79mm) From Case for
10s Max

Recommended Operating Conditions TA = -400C to +850C. For maximum reliability, device should always be
operated within the following ranges:

LIMITS

CHARACTERISTIC SYMBOL MIN. MAX. UNITS

DC Operating Voltage Range - 4 6 V

Input Voltage Range (Except VT Pin) VIH 0.7VDD VDD+0.3V V
VIL -0.3 0.3VDD

VT Pin Output Voltage Threshold VIT 0.4 0.15VDD V

Serial Clock Frequency, SCK (VDD = 4.5V) FSCK DC 2.1 MHz

Clock Frequency FCLK DC 8 MHz

LIMITS

CHARACTERISTIC SYMBOL MIN. MAX. UNITS

Device Current in "Power Down" Mode, Clock Disabled IpD - 1 I1A

Low Level Output Voltage (IOL = 1.6mA) VOL - 004 V

High Level Output Voltage (IOH = -1.6mA) VOH VDD-004V - V

Input Leakage Current IIN - ±1 I1A

Operating Device Current (fCLK = 1MHz) IOPER - 1 mA

Clock Input Capacitance (VIN = OV, fCLK = 1MHz, TA = +250C CIN - 10 pF

PIN PIN PIN
NO. SIGNAL FUNCTION

PIN1: CLK (INPUT)' CLOCK - The clock signal to be altered by the PWM circuitry. This is the source of the PWM output.
This input frequency can be internally divided by either one or two, depending on the state of the CD bit
in the control register.

PIN2: CS (INOUT) CHIP SELECT - A high-to-low (1 to 0) transition selects the chip. A low-to-high (0 to 1) transition
deselects the chip and transfers data from the shift registers to the data registers.

PIN3: VT (INPUT) VOLTAGE THRESHOLD - An analog voltage greater than 0.75V (atVDD = 5V) on this pin will immedi-
ately cause the PWM output to go to logic "0". This will be the status until the VT input is returned to a
voltage below Oo4V,the W1 is deselected, and then one or more of the data registers is written to.

An analog voltage on this pin less than 0.75V (at VDD = 5V) will allow the device to operate as specified
by the values in the registers.

PIN4: VSS (POWER) GROUND - Establishes the low (logic 0) voltage level.

PIN5: DATA (INPUT) Data input at this pin is clocked into the shift register (i.e., latched) on the rising edge of the serial clock
(SCK), most significant bits first.

PIN6: SCK (INPUT) SERIAL CLOCK - A rising edge on this pin will shift data available at the (DATA) pin into the shift register.

PIN7: PWM (OUTPUT) This pin provides the resultant output frequency and pulse width. After VDD power up, the output on
this pin will remain a logic "0", until the chip is selected, 24 bits of information clocked in, and the chip
deselected.

PIN8: VDD (POWER) Establishes the high (logic 1) voltage level.
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The digital pulse width modular (DPWM) divides down a
clock signal supplied via CLK Pin 1 as specified by its
control, frequency and pulse width data registers. The
resultant output signal, with altered frequency and duty
cycle, appears at PWM Pin 7.

Serial Port

Data are entered into the three DPWM registers serially
through the data pin, Pin 5, accompanied by a signal
applied to SCK Pin 6. The user can supply these serial data
via shift register(s) or a microcomputer's serial port, such as
the SPI port available on most 68HC05 microcomputers.
Microcomputer 110 lines can also be used to simulate a
serial port.

Data are written serially, most significant bit first, in 8, 16, or
24-bit increments. Data are sampled and shifted into the
PWMs shift register on each rising edge of the SCK. The
serial clock should remain low when inactive. Therefore,
when using a 68HC05 microcomputer's SPI port to provide
data, program the microcomputer's SPI control register bits
CPOL, CPHA to 0, O.

The CDP68HC68W1 latches data words after device
deselection. Therefore, CS must go high (inactive) following
each write to the W1.

Power-Up Initialization

Upon VDD power up, the output of the PWM chip will
remain at a low level (logic zero) until:

1. The chip is selected (CS pin pulled low).

2. 24 bit of information are shifted in.

3. The chip is deselected (CS pin pulled high).

The 24-bits of necessary information pertain to the loading
of the three PWM 8-bit registers, in the following order:

1. Control register

2. Frequency register

3. Pulse width register

See section entitled "Pulse Width Modulator Data
Registers" for a description of each register. Once
initialized, the specified PWM output signal will appear until
the device is reprogrammed or the voltage on the VT pin
rises above the specified threshold. Reprogramming the
device will update the PWM output after the end of the
present output clock period.

Reprogramming Shortcuts

After the device has been fully programmed upon power up,
it is only necessary to input 8 bits of information to alter the
output pulse width, or 16 bits to alter the output frequency.

Altering the Pulse Width: The pulse width may be
changed by selecting the chip, inputting 8 bits, and
deselecting the chip. By deselecting the chip, data from the
first 8-bit shift register are latched into the pulse width
register (PWM register). The frequency and control registers
remain unchanged. The updated PWM information will

Altering the Frequency: The frequency can be changed
by selecting the chip, inputting 16-bits (frequency informa-
tion followed by pulse width information), and deselecting
the chip. Deselection will transfer 16 bits of data from the
shift register into the frequency register and PW register.
The updated frequency and PW information will appear at
the PWM output pin only after the end of the previous total
output period.

Altering the Control Word: Changing the clock divider
and/or power control bit in the CDP68HC68W1 control reg-
ister requires full 24-bit programming, as described under
Power Up Initialization.

Control Register

CD IX X X X X X PC

Bit 7 6 5 4 3 2 0

X = Don't Care

Byte One:

Bits 7-2

Bit 1 (PC)

Byte Two:

Bits 7-0

Control Register

These bits are don't care.

Power Control Bit. If this bit is a "0", the chip
will remain in the active state. If the bit is set
to a "1", internal clocking and the voltage
comparator (VT) circuit and voltage refer-
ence will be disabled. Thus the chip will
enter a low current drain mode. The chip may
only reenter the active mode by clearing
this bit and clocking in a full 24 bits of
information.

Clock Divider Bit. If this bit is a "0", the chip
will set internal clocking (CLK) at a divide-
by-one rate with respect to the (CLK). If this
bit is set to "1 ", the internal clocking will be
set to a divide-by-2 state.

Frequency Data Register

This register contains the value that will
determine the output frequency or total
period by:

FIN
(N+1)(CD+1)

Where FOUT = resultant PWM output
frequency

FIN = the frequency of input CLK

n = value in frequency register

CD = value of clock divider bit in
control register

For a case of n (binary value in frequency
register) equal to 5, and CD (clock divider) =
o (divide-by-1), the PWM output will be a
frequency 1/6 that of the input clock (CLK).
Likewise, the output clock period will be
equal to 6 input CLK periods.



This register contains the value that will
determine the pulse width or duty cycle (high
duration) of the output PWM waveform.

PW = (N+1)(CD +1)

Where PW = Pulse width out as mea-
sured in number of input
ClK periods.

CD =Value of clock divider bit in
control register.

N =Value in PW register.

For a case of n (binary value in PW register)
equal to 3 and CD (clock divider) = 0
(divide-by-1), the output will be 4 input clock
periods of a high level followed by the
remaining clocks of the total period which
will be a low level.

Assuming the frequency register contains a
value of 5, the resultant PWM output would
be high for 4 ClK periods, low for 2.

Using the CDP68HC68W1 (Summary)

Programming the CDP68HC68W1

1. Select chip
2. Write to control register*
3. Write to frequency register*
4. Write to pulse width register*
5. Deselect chip

NEXT: To then alter the pulse width:

1. Select chip
2. Write to pulse width register*
3. Deselect chip

OR: To then alter the frequency (and possibly PW):

1. Select chip
2. Write to frequency register*
3. Write to pulse width register*
4. Deselect chip

CDP68HC68W1 Registers

1. Control Register:
- Bit 0 = ClK + 2 if set ("CD bit")
- Bit 1 = Power down if set

2. Frequency Register:
- A value of N written to the frequency register yields an

output frequency of:

ClK Frequency
Frequency Output = (N+1) (CD+1)

3. Pulse Width Register:
- Determines duty cycle (high duration) of PWM output

signal. A value of N written to the PW register yields a
pulse width of:

Pulse Width = (N+1) (CD+1)

EXAMPLE: when CD = 0,
frequency register = 4, pulse width
register = 1; output = high for 2 input ClK
periods, low for 3:

1. Select chip
2. Then write (most significant bit first) to the

control, the frequency, and pulse width regi-
sters (control = 00, frequency = 04, PW = 1)

3. Deselect the chip

Curves
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New pulse width out begins and PWM goes high when CS
is raised after last SCK pulse (assuming no previous time-
out). PWM then toggles on falling ClK edges.

Resulting output waveform: Control = 00 = Divide-by-1.
frequency = 4:

INPClK INPClK
(04+1)(0+1) = --5-

PW = 1: (1+1) (0+1) = 2 ClKs high time

I
·1

TOTAl OUTPUT PERIOD =
5 X (INPUT CLOCK PERIOD)

INPUT
CLOCK(ClK)

r OUTPUT\ . (PWM)

CS
(INPUT)

SCK
(INPUT)

DATA
(INPUT)

LIMITS

I.O.NO. CHARACTERISTICS MIN. MAX. UNITS

Serial Clock Frequency. fSCK DC 2.1 MHz

1 Cycle Time 480 - ns

2 Enable Lead Time 240 - ns

3 Enable Lag Time - 200 ns

4 Serial Clock (SCK) High Time 190 - ns

5 Serial Clock (SCK) Low Time 190 - ns

6 Oata Setup Time 100 - ns

7 Data Hold Time 100 - ns

8 Fall Time (70% VOO to 20% VOO. CL = 200pF) - 100 ns

9 Rise Time (20% VOO to 70% VOO. CL = 200pF) - 100 ns



LIMITS

I.D.NO. CHARACTERISTICS MIN. MAX. UNITS

Clock Frequency, 'CLK DC 8.0 MHz

1 Cycle Time 125 - ns

2 Clock to PWM Out - 125 ns

3 Clock High Time 50 - ns

4 Clock Low Time 50 - ns

5 Rise Time (20% VDO to 70% VOO) - 100 ns

6 Fall time (70% VOO to 20% VOO) - 100 ns

The following example was written for a system which has
the CDP68HC68W1 connected to the SPI bus of a
CDP68HC05C4 microcontroller. The program sets the W1
to run a divide by 200 frequency with a duty cycle of 30% by
writing to the Control Register, the Frequency Data

Register, and the Pulse Width Data Register. The frequency
and pulse width are then modified. Finally the pulse width is
modified without changing the frequency. The program was
assembled using the Harris HASM5 assembler.

W1.S
Example W1 routines - sets W1 to a divide by
200 output with 30% duty cycle

0000

0000 PortA
0001 PortB
0002 PortC
0003 PortD
0004 DDRA
0005 DDRB
0006 DDRC
0007 DDRD

0008 _Free1

OOOA SPCR
0040= 64 _SPE
0010= 16 _MSTR
OOOB SPSR
0080= 128 _SPIF
0007= 7 _SPIF
OOOC SPDR

Section

ds
ds
ds
ds
ds
ds
ds
ds

ds 2

Registers,$OOOO

;PortA

;two unused locations

;SPI Control Register
;SPI Enable bit
;SPI Master Mode bit
;SPI Status Register
;SPI Flag bit for ANDs, CMPs. etc.
;SPI Flag bit for BRSETs & BRCLRs
;SPI Data Register

1
01000000b
00010000b
1
10000000b
7
1

en en:1....1
alel:....ID:
el:w
-J:D:o..w_enD:-w3;0..



0000=

0002=
0001 =

0100

0100 CD0143 main

0103 1100
0105 CD0138

0108 A601
010A CD013D
010D A663
010F CD013D
0112 A61D
0114 CD013D

0117 1000

0119 1100
0118 CD0138

W1 equ

W1_PC equ
W1_CD equ

o
00000010b
00000001b

;Power Control: 1 = power down
;Clock Divider: 1 = divide by 2

Set200_30
W1,PortA
Set_ W1_SPI_Mode

SendCommands2
011E A631 Ida #49
0120 CD013D jsr SPI_xmit
0123 A609 Ida #9
0125 CD013D jsr SPI_xmit

DeselectW1_2
0128 1000 bset W1,PortA

012A 1100
012C CD0138

012F A611
0131 CD013D

;select W1 (CE is active low)
;Setup the 68HC05 SPI control ...
;to talk to the W1

·····················Set Up Control, Frequency, and Pulse Width
SendAIiCommands

Ida #W1_CD
jsr SPI_xmit
Ida #99
jsr SPI_xmit
Ida #29
jsr SPI_xmit

DeselectW1_1
bset ;deselectthe W1 which loads registers

;with values transmitted

••••••••••••••••••••• Modify Frequency and Pulse Width
ChangeFreq_and_Width

bclr W1,PortA
jsr SeLW1_SPI_Mode

*********************Modify PulseWidth
ChangeWidth

bclr
jsr

SendCommands3
Ida
jsr

DeselectW1_3
bset

W1,PorlA
Set_ W1_SPI_Mode

;select W1 (CE is active low)
;Setup the 68HC05 SPI control. ..
;to talk to the W1

;set frequency to divide by 100 (the
;divide by 2 is still in effect)
;set pulse width to 20% duty cycle

;deselectthe W1 which loads registers
;wilh values transmitted

;select W1 (CE is active low)
;Setup the 68HC05 SPI control...
;to talk to the W1

;deselect the W1 which loads registers
;with values transmitted



0138 A650
013A B70A
013C 81

SeLW1_SPI_Mode
Ida *_SPE+ _MSTR
sta SPCR
rts

;Enable SPI as a Master with ...
;CPHA=CPOL=O,

SPI_Xmit
0130 B70C sta

SPI_wait
013F OFOBFD brclr
0142 81 rts

Initialize_Wl
0143 1000 bset
0145 1004 bset
0147 81 rts

Wl,PortA
Wl,OORA

;disable the Wl (CE is active low)
;by activating PAO as a high

UJUJ::)~
me(
~a:e(w
-:I:a: 11.w_
UJa:-w5ill.
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CMOS Integrated Circuits
This is a summary of important operating recommendations
and precautions which should be followed in the interest of
maintaining the high standards of performance of solid
state devices.

The design flexibility provided by these devices makes pos-
sible their use in a broad range of applications and under
many different operating conditions. When incorporating
these devices in equipment, therefore, designers should
anticipate the rare possibility of device failure and make
certain that no safety hazard would result from such an oc-
currence.

Absolute Maximum Ratings

The published ratings of the devices are based on the Abso-
lute Maximum Rating System, which is defined by the
following industry standard (JEDEC) statement:

Absolute Maximum Ratings are limiting values of operating
and environmental conditions applicable to any electron
device of a specified type as defined by its published data,
and should not be exceeded under the worst probable con-
ditions.

The device manufacturer chooses these values to
provide acceptable serviceability of the device, taking no
responsibility for equipment variations, environmental varia-
tions, and the effects of changes in operating conditions
due to variations in device characteristics.

The equipment manufacturer should design so that initially
and throughout life no absolute maximum value for the
intended service is exceeded with any device under the
worst probable operating conditions with respect to supply
voltage variation, equipment component variation, equip-
ment control adjustment, load variation, signal variation,
environmental conditions, and variations in device charac-
teristics.

It is recommended that equipment manufacturers consult
their local Sales Office whenever device applications in-
volve unusual electrical, mechanical or environmental oper-
ating conditions.

In general, with any application where devices are
operated at voltages which may be dangerous to personnel,
suitable precautionary measures should be taken to prevent
direct contact with these devices.

The metal shells of some solid state devices such as the
TO-5 style package often used for integrated circuits usual-
ly has the substrate or most negative supply voltage
connected to the case. Therefore, consideration should be
given to the possibility of shock hazard if the shells are to
operate at voltages appreciably above or below ground
potential.

Devices should not be connected into or disconnected from
circuits with the power on because high transient voltages
may cause permanent damage to the devices.

In common with many electronic components, solid state
devices should be operated and tested in circuits which
have reasonable values of current limiting resistance, or

other forms of effective current overload protection. Failure
to observe these precautions can cause excessive internal
heating of the device and result in destruction and/or possi-
ble shattering of the enclosure.

The small size of most solid state products provides obvi-
ous advantages to the designers of electronic equipment.
However, it should be recognized that these compact
devices usually provide only relatively small insulation area
between adjacent leads and the device package. When
these devices are used in moist or contaminated atmos-
pheres, therefore, supplemental protection must be provid-
ed to prevent the development of electrical conductive
paths across the relatively small insulating surfaces.

Thermal Considerations

The maximum allowable power dissipation in a solid state
device is limited by the junction temperature. An important
factor in assuring that the junction temperature remains
below the specified maximum value is the ability of the
associated thermal circuit to conduct heat away from the
device.

When a solid state device is operated in free air, without a
heat sink, the steady state thermal circuit is defined by the
junction-to-free air thermal resistance given in the pub-
lished data for the device. Thermal considerations require
that a free flow of air around the device is always present
and that the power dissipation be maintained below the lev-
el which would cause the junction temperature to rise above
the maximum rating at the worst case ambient temperature.

Electrostatic Voltage Discharge Considerations

Electrostatic voltage discharge of sufficient energy can
damage any solid state device. These electrical potentials
can be significantly reduced during handling or testing by
following industry accepted practices which include:

• Properly grounded equipment, workstations,
operators and handlers

• The use of air ionizers
• Control of ambient humidity
• Device storage and transportation in a charge

dissipative medium such as 'Eccosorb- LD2S' or
equivalent

Mounting

Integrated circuits are normally supplied with tin/lead
dipped leads to facilitate soldering into circuit boards.

When integrated circuits are welded onto printed circuit
boards or equipment, the presence of moisture between the
closely spaced terminals can result in conductive paths that
may impair device performance in high impedance applica-
tions. It is therefore recommended that conformal coatings
or potting be provided as an added measure of protection
against moisture penetration.

In any method of mounting integrated circuits which
involves bending or forming of the device leads, it is
extremely important that the lead be supported and
clamped between the bend and the package seal, and that
bending be done with care to avoid damage to lead plating.
In no case should the radius of the bend be less than the



Operating and Handling Considerations

diameter of the lead, or in the case of rectangular leads,
such as those used in the 14 lead and 16 lead flat pack-
ages, less than the lead thickness. When solder dipped
leads are formed, they must be reflowed or redipped within
40 mils of the package body. It is also extremely important
that the ends of the bent leads be straight to assure proper
insertion through the holes in the printed circuit board.

Many semiconductor products are available in surface
mounted packages which enable the user to mount these
devices directly on the surface of a circuit board. Unlike
conventional dual-in-line (DIP) leaded packages which
require through holes for insertion, surface mounted pack-
ages are soldered to a series of pads on a circuit board
using a variety of acceptable techniques such as vapor
phase or infrared reflow. This series of pads, commonly
called a footprint, matches the lead or contact outline of the
package(s) being used.

Recommended Lead Forming Practices

DIC Packages

The leads on dual-in-Iine CERDIP or dual-in-line
Sidebrazed packages are not intended to be bent or
formed. No further lead forming is recommended.

Flat Packages

Many flat packages, including some quad flat packages, are
provided to users with the leads in a horizontal plane.

Since users form leads into many configurations, these rela-
tively thin leaded devices require a certain amount of care to
avoid any handling which would affect the suitability of
these leads.

Taking guidance from Mil-Std-4544, the following is
recommended when bending leads:

a. The bend radius must exceed twice the lead thickness

b. Always start the bending 0.015 inches or more away
from the device body to protect body-to-Iead adher-
ence, and body hermeticity

c. Bend leads 85 degrees maximum to provide a strong
fixed position condition

d. Use roller type die when forming gold plated leads to
minimize surface scouring

e. Provide a minimum surface contact length of 2 times the
lead width

f. Leads should be cleaned of any bending tool lubricants
to enhance solderability

Cleaning After Mounting

A wide variety of chemicals and solvents is available for
fluxing, degreasing, and flux removal. Care must be
exercised in the selection of materials, such that from a reli-
ability standpoint, there is no adverse effect on component
life. A major contributor affecting device reliability is the
chemical reaction of chloride with the aluminum
metallization of the die. Eventually this etching process will
result in electrical open circuits. The mechanism is defined
as Electrolytic Metal Attack (EMA) and is accelerated in a
moisture environment. Cleaning and fluxing compounds
free of chloride will therefore maximize device life. Chloride
is defined as the dissociated ion, which is soluable in water,
as contrasted to the water insoluble organic chlorine of

compounds such as perchloroethylene and trichloroethane.
It is, of course, impractical to evaluate the long term effect
on semiconductor life of all chemicals which are marketed
under a variety of brand names.

The choice of fluxes for electronic applications should be
restricted to rosin types R, RMA, RA and water soluble or-
ganic acid, OA, formulations. Inorganic acid fluxes should
not be used as they can attack the internal metallization of
the semiconductor. As stated above, it is further
recommended, where applicable, that non halide type fluxes
be used for improved device reliability. Some examples of
acceptable fluxes are:

A. Rosin Types (RA):
- Alpha 711
- Alpha 809 foam flux
- Alpha 811 foam flux
- Alpha 815 foam flux
- Alpha TL33M halide free

B. Water Soluable Organic Acid (OA) Types, Halide Free:
- Blackstone 1452
- Kenco 183
- Alpha 260HF and 265HF

Since circuit boards can fall into several categories, such as
single sided, double sided with plated through holes and
densely populated multilayer types, it must be stressed that
the manufacturer's recommendation be considered when
choosing the proper flux for the process being used.

Flux clean ing and/or degreasing is necessary to assure that
the final soldered assembly is free of contaminating soils.
The choice of the cleaning system is relative to the soil be-
ing removed. Water based cleaners are generally used to
remove polar soils, such as rosin activators, organic acid
residues, and finger salts. Solvent cleaners are chosen for
removal or organic (nonpolar) contaminants, which include
rosins, oils and greases. Cleaning methods can incorporate
immersion (with or without ultrasonics), brushing and spray-
ing. The choice of cleaner should be based on affinity for the
contaminant, ability to thoroughly wet parts, and compatibil-
ity with components. It should also be safe to use.

Solvent cleaners are generally divided into two classes:
chlorinated and fluorinated. These can be used for cleaning
rosin activated (RA) fluxes: The chlorinated solvents are
more aggressive and care must be taken to assure there is
no damage to components or substrate. This type solvent
should not be used with silicon encapsulated transistors as
the solvent will tend to dissolve the plastic. The use of chlo-
rinated solvents must be closely monitored because of a
breakdown to form acid components in the presence of
moisture. The solvent should be checked regularly and dis-
carded when acid levels exceed manufacturer's guidelines.
Fluorinated solvents are normally blends of
trifluorotrichloroethane with other solvents, such as metha-
nol, ethanol, isopropanol, acetone, methylene chloride, or
chloroform. These solvents can be purchased under trade
names as Freon TE, TE35, TP35, Frigen 113 TR-M, Haltron
113 MOM and Flugene 1 13 MA. Fluorinated systems are
milder acting and are used in vapor degreasing systems at
the boiling point of the solvent mixture.



The solvents may be used for a maximum of 4 hours at
+250C or for a maximum of 1 hour at +500C.

Rosin fluxes can be removed by either solvent or aqueous
cleaners. The water systems contain an additive that reacts
with the rosin acids to convert the acids to a water soluable
biodegradable soap. Water soluble organic acid fluxes may
require the use of a neutralizer to accerate the solubility of
the acid residues and neutralize any residues that may
remain. Alcohols are acceptable solvents for rosin based
flux removal; but because of flammability concerns, the
fluorinated alcohol blends are preferred. Examples of suita-
ble alcohols are methanol, isopropanol and special
denatured ethyl alcohols, such as SDA1, SDA30, SDA34
and SDA44.

If the completed assembly is to be encapsulated, the effect
on the molded plastic transistor must be studied from both a
chemical and physical standpoint.

CMOS Design Considerations
ESD (Electrostatic Discharge)

Since the introduction of MOS, manufacturers have
searched for effective and safe ways of handling this volt-
age sensitive device. High input impedance of CMOS,
coupled with gate oxide breakdown characteristics, result
in susceptibility to electrostatic charge damage.

Figure 1 shows a cross section ofa silicon gate MOS struc-
ture. Note the very thin oxide layer (:::::300 to 500A) present
under the gate material. Actual breakdown voltage for this
insulating layer ranges from 30V to 50V.

Handling equipment and personnel, by simply moving, can
generate in excess of 10kV of static potential in a low hu-
midity environment. Thus, static voltages, in magnitudes
sufficient to damage delicate MOS input gate structures,
are generated in most handling environments.

A failure occurs when a voltage of sufficient magnitude is
applied across the gate oxide causing it to breakdown and
destruct. Molten material then flows into the void creating a
short from the gate to the underlying silicon. Such shorts
occur either at a discontinuity in doping concentration, or at
a defect site in the thin oxide. If no problems appear in the
oxide, breakdown would most likely occur at gate/source,
or gate/drain intersection coincidence due to the doping
concentration gradient.

Noncatastrophic degradation may result due to
overstressing a CMOS input. Sometimes an input may be

SOURCE METAL SILICON - DRAIN METAL

~
~,

GATE OXIDE (::l:: 300 - 500A)'

FIGURE 1. SILICON GATE PFET STRUCTURE CROSS SECTION
THE HEAVILY DOPED SOURCE AND DRAIN REGION IS
SHOWN. THEY ARE SEPARATED BY A NARROW GAP OVER

WHICH LIES A THIN GATE OXIDE AND GATE MATERIAL.
.• 1A (Angstrom'"" 10-8 em)

damaged, but not shorted. Most of these failures relate to
damage of the protection network, not the gate, and show
up as increased input leakage.

Voltage Limiting Input Protection

During the evolution of monolithic MOS, manufacturers de-
veloped various protection mechanisms that are an integral
part of the circuit. However, several of these earlier tech-
niques have been replaced by improved methods now in
use. The object of most of these schemes is to prevent dam-
age to input gate structures by limiting applied voltages.

Recent CMOS designs employ a dual diode concept in their
input protection networks. Figure 2 illustrates such a pro-
tection circuit.

One characteristic of junction isolated CMOS protection cir-
cuits is the::::: 2000 current limiting resistor. Cross sectional
area of the metallization leading to the resistor, and the area
of the resistor are, therefore, designed to absorb discharge
energy without sustaining permanent damage. This dual di-
ode protection has proved very effective and is the most
commonly used method in production today.

Harris Input Gate Protection

To protect input device gates against destructive overstress
by static electricity accumulating during handling and inser-
tion of CMOS products, circuit protection is provided on all
inputs. The general configuration of this protection circuit is
shown in Figure 2.

Both diodes to the VD 0 and VSS lines have breakdown volt-
ages averaging between 35V and 40V. Excessive static
charge accumulated on the input pin is thus effectively
discharged through these diodes which limit the voltage
applied from gate to drain and source. The 2000 resistor

~ 2oan.
POLYSIUCON

RESISTOR

FIGURE 2. JUNCTION ISOLATED DUAL DIODE PROTECTION
NETWORKS ARE MOST COMMONLY USED IN
TODAY'S CMOS CIRCUITS



provides current limiting during discharge. Depending on
the polarity of the input static charge and on which of the
supply pins are grounded, the protective diodes may either
conduct in the forward direction or breakdown in the
reverse direction.

There are two trade-ofts to consider when fabricating an
input protection scheme, namely effectiveness of the
overvoltage protection and performance of the overall cir-
cuit. It is obvious that increasing the series resistance and
capacitance at an input limits current and this, in turn,
increases the input protection's ability to absorb the shock
of a static discharge. However, such an approach to protec-
tion can have a significant eftect on circuit speed and input
leakage. The input protection selected must therefore
provide a useful performance level and adequate static
charge protection.

Commonly used MOS input protection circuits all have
basic characteristics that limit their effectiveness. The zener
diodes, or forward biased pn junctions, employed have
finite turn on times too long to be effective for fast rise time
conditions. A static discharge of 1.5kV into a MOS input
may bring the gate past its breakdown level before the pro-
tection diodes or zener becomes conductive.

Actual turn on times of zeners and pn diodes are difficult to
determine. It is estimated that they are a few nanoseconds
and a few tens of picoseconds, respectively. A low imped-
ance static source can easily produce rise times equal to or
faster than thes'e turn on times. Obviously, the input time
constant required to delay buildup of voltage at the gate
must be much higher for zener diodes or other schemes
having longer turn on times.

Consider an example. Figure 3 shows a test circuit that sim-
ulates the discharge of a 1.5kV static charge into a CMOS
input. Body capacitance and resistance of the average per-
son is represented by a 100pF capacitor through 1.5kO.
Switch A is initially closed, charging 100pF to 1.5kV with
switch B open. Switch A is opened, then B is closed, start-
ing the discharge. With the 1.5kO x 5pF time constant to
limit the charge rate at the DUT input, it would take approxi-
mately 350ps to charge to 70V above VDD. Diode turn on
time is much shorter than 350ps, hence the gate node
would be clamped before any damage could be sustained.

I
I

1.5k.n. I
1.5kV~~_1

I100PF :

Vss I
I

Vss
DEVICE UNDER TEST (OUT)

FIGURE 3. INPUT PROTECTION NETWORK TEST SETUP
ILLUSTRATES HOW DIODE CLAMPING PREVENTS
EXCESSIVE VOLTAGES FROM DAMAGING THE
CMOS DEVICE.

The Forward Bias Phenomenon

Monolithic CMOS integrated circuits employ a single crys-
tal silicon wafer into which FET sources and drains are
implanted. For complex functions many thousands of tran-
sistors may be required and each must be electrically
isolated for proper operation.

Junction techniques are commonly used to provide the
required isolation each switching node operating reverse
biased to its respective substrate material. Additionally, as
previously mentioned, protection diodes are provided to
prevent static charge related damage where inputs
interface to package pins. Forward biasing any of these
junctions with or without power applied may result in mal-
function, parametric degradation, or damage to the circuit.

High currents resulting from an excessive forward bias can
cause severe overheating localized to the area of a junction.
Damage to the silicon, overlying oxide and metallization can
result.

Bipolar Parasitics

Care must always be exercised not to forward bias junc-
tions from input or output pads.

A complex and potential defect phenomenon is the interac-
tion of a npn/pnp combination a la SCR (Figure 5). Forward
biasing the base emitter junction of either bipolar compo-
nent can cause the pair to latch up if ~npn x ~pnp ~ 1. The
resultant low impedance between supply pins can cause
fusing of metallization or over dissipation of the chip.

Figure 5 shows how an SCR might be formed. The p+ diffu-
sion labeled INPUT is connected to aluminum metallization

EMITTER(NPN) COUECTOR (PNP)

vss /

FIGURE 5. IMPROPER BIASING CAN LATCH-UP THIS SCR
CONFIGURATION.

Ap+ GUARD RING IS COMMONLY USED TO KILL LATERAL pnp
ACTION. THIS RING IS DIFFUSED INTO THE SURFACE AT THE

JUNCTION OF p- AND n- SILICON.



and bonded to a package pin. Biasing this point positive
with respect to VDD supplies base drive to the pnp through
R2. Although gain of these lateral devices is normally very
low, sufficient collector current may be generated to
forward bias and supply substantial base current to the
vertical npn parasitic. Once the pair has been activated,
each member provides the base current required to sustain
the other. A latched condition will be maintained until power
is removed or circuit damage disables further operation.

Operating Rules
Unused Inputs

All unused input leads must be connected to either the low
rail (VSS, VEE or GND)orthe high rail (VCC orVDD), which-
ever is appropriate for the logic circuit involved. A floating
input not only can result in faulty logic operation, but can
cause the maximum rated power dissipation to be ex-
ceeded and may result in damage to the device. Inputs to
these types, which are mounted on printed circuit boards
that may temporarily become unterminated, should have a
resistor to the high or low voltage supply rails. A useful
range of values for such resistors is from 10 kilohms to 1
megohm. Pins that are 1/0 must have a terminating resistor.

Note: Some devices contain integrated terminating resistors

Input Signals

Signals shall not be applied to the inputs while the device
power supply is off unless the input current is limited to a
steady state value of less than the absolute maximum
rating. Input currents of less than the maximum rating
prevent device damage; however, proper operation may be
impaired as a result of current flow through structural diode
junctions.

Capacitance on a CMOS input or output will result in a
forward bias condition when power is turned off. This
capacitance must discharge through forward biased input
or output to substrate junctions as the bus voltage col-
lapses. Excessive capacitance (thousands of pF) should be
avoided as discharging the stored energy may generate
excessive current densities during power-down.

Where forward biasing is inevitable, current limiting should
be provided. Current should not be permitted to exceed
1mA on any package pin excluding supply pins.

Output Short Circuits

Shorting of outputs to the high or low supply rail can
damage many of the higher output current CMOS types,
such as the CD4007, CD4041, CD4049 and CD4050. In
general, these types can all be safely shorted for supplies
up to 5V, but will be damaged (depending on type) at higher
power supply voltages. For the CMOS HC/HCT/HCU types,
outputs may be shorted to VCC (5V ± 10%) for 1 second
maximum and only one output at a time. For cases in which

·a short circuited load, such as the base of a pnp or an npn
bipolar transistor, is directly driven, the device output char-
acteristics given in the published data should be consulted
to determine the requirements for a safe operation below
the device maximum rated output power.

CMOS Power Supply Distribution

Power distribution should be a prime consideration in all
CMOS designs. Although DC power dissipation is very low,

dynamic power (due to switching transients) can be high.
High voltage and/or low temperature operation increase
dynamic current transients.

A low impedance power source and supply to ground
capacitance bypass will significantly reduce noise genera-
tion on signal and power line to greatly enhance system
reliability.

Decoupling

Higher speeds, faster edges and higher output drive
currents cause higher frequency current transients to be
imposed on ground and VDD rails of an IC. For LSI and high
speed families, consideration of power supply distribution
and decoupling become important. Before decoupling can
be utilized for noise reduction there must be a good power
supply distribution network. A good ground connection sys-
tem and capacitive decoupling must be employed. Testing
has shown 0.01 J.lF/package to be effective in filtering noise
generated by most CMOS circuits.

Handling Rules
There is no completely foolproof system of chip input pro-
tection presently in production. If static discharge is of high
enough magnitude, or of sufficiently short rise time, some
damage or degradation may occur. It is evident, therefore,
that proper handling procedures should be adopted at all
times.

Elimination of reduction of static charge can be accom-
plished as follows:

• Use conductive work stations. Metallic or conductive
plastic tops on work benches connected to ground help
eliminate static buildup.

• Ground all handling equipment.

• Ground all handling personnel with a conductive brace-
let through 1MO to ground. The 1MO resistor will
prevent injury.

• Smocks, clothing and especially shoes of certain insulat-
ing materials (notably nylon) should not be worn in areas
where devices are handled. These materials, highly
dielectric in nature, will hold or aid in the generation of a
static charge.

• Control relative humidity to as high a level as practical. A
higher level of humidity helps bleed away any static
charge as it collects.

• Ionized air blowers reduce charge bUildUp in areas
where grounding is not possible or desirable.

• Devices should be in antistatic conductive carriers dur-
ing all phases of transport. If antistatic carriers are used
the devices and carriers should be in a static shielding
bag.

• In automated handling equipment, the belts, chutes or
other surfaces the leads contact should be of a conduct-
ing nature. If this is not possible, ionized air blowers may
be a good alternative.

All CMOS products are shipped in antistatic packaging
materials.



The first character of each entry indicates the package type. while the number preceding the decimal point details the pack-
age lead count. The decimal point and succeeding numbers relate to the package body dimensions (e.g.. 6 = 600mils). The
entire entry indicates the table containing the appropriate package dimensions (e.g. 24 lead PDIP dimension are detailed in
Table E24.6). The index on page 7-1 lists page numbers for PDIP. MQFP. PLCC. SBDIP and SOIC tables.

PART NUMBER PDIP SOIC PLCC MQFP SIDEBRAZE

COP68HC05C4 E40.6 N44.65 Q44.10xl0

COP68HCL05C4 E40.6 N44.65 Q44.10xl0

COP68HSC05C4 E40.6 N44.65 Q44.10xl0

COP68HC05C8 E40.6 N44.65 Q44.10xl0

COP68HCL05C8 E40.6 N44.65 Q44.10xl0

COP68HSC05C8 E40.6 N44.65 Q44.10xl0

COP68HC05J3 E20.3 M20.3

COP68HCL05J3 E20.3 M20.3

COP68HSC05J3 E20.3 M20.3

COP68HC0502 E40.6 N44.65 Q44.10xl0

COP6805E2 E40.6 N44.65 040.6

COP6805E2C E40.6 N44.65 040.6

COP6805E3 E40.6 N44.65 040.6

COP6805E3C E40.6 N44.65 040.6

COP6805F2 E28.6

COP6805F2C E28.6

COP6805G2 E40.6 040.6

COP6805G2C E40.6 040.6

COP6402 E40.6 040.6

COP6402C E40.6 040.6

COP65C51 E28.6 M28.3 028.6

COP6818 E24.6 024.6

COP6818A E24.6 N28.45 024.6

COP6823 E40.6 N44.65 040.6

CDP6853 E28.6 028.6

COP68HC68A2 E16.3 M20.3

COP68HC68P1 E16.3 M16.15

COP68HC68R1 E8.3

COP68HC68R2 E8.3

COP68HC68S1 E14.3 M20.3

COP68HC68T1 E16.3 M20.3 016.3

COP68HC68Wl E8.3



Package Outlines
Dual-In-Line Plastic Packages (PDIP)

,"~,-OQt E8.3 (JEDEC M5-001·BA ISSUE Dj
8 lEAD DUAl·IN·lINE PLASTIC PACKAGE

INCHES MilLIMETERS
AREA

MAX NOTESSYMBOL MIN MAX MIN

A 0.210 5.33 4~J~~~Am Al 0.015 0.39 4

A2 0.115 0.195 2.93 4.95

SEATING '-
B 0.014 0.022 0.356 0.558

PLANE~ L ~ Bl 0.045 0.070 1.15 1.77 8, 10

~: ~ 01 A1 ~BA!J-
C 0.008 0.014 0.204 0.355

_ BC C D 0.355 0.400 9.01 10.16 5

B ~O.010(0.25)@)ICIAIB~ I ee Dl 0.005 0.13 5

E 0.300 0.325 7.62 8.25 6

NOTES: El 0.240 0.280 6.10 7.11 5
1. Controlling Dimensions: INCH. In case of conflict between e O.l00BSC 2.54BSC

English and Metric dimensions, the inch dimensions control.
eA 0.300BSC 7.62 BSC 6

2. Dimensioning and tolerancing per ANSI Y14.5M·1982.
ee I 0.430 I 10.92 7

3. Symbols are defined in the "MO Series Symbol Lisr in Section
L 0.115 I 0.150 2.93 3.81 42.2 of Publication No. 95.

4. Dimensions A, A 1 and L are measured with the package seated N 8 8 9
in JEDEC seating plane gauge GS-3. Rev. 0 12/93

5. D, Dl, and El dimensions do not include mold flash or protru-
sions. Mold flash or protrusions shall not exceed 0.010 inch E14.3 (JEDEC M5-001·AA ISSUE Dj
(0.25mm). 14 lEAD DUAl-IN-LiNE PLASTIC PACKAGE

6. E and ~ are measured with the leads constrained to be per- INCHES MilLIMETERS
pendicu ar to datum ~.

SYMBOL MIN MAX MIN MAX NOTES7. ee and ee are measured at the lead tips with the leads uncon-
A 0.210 5.33 4strained. Be must be zero or greater.

8. Bl maximum dimensions do not include dambar protrusions. Al 0.015 0.39 4
Dambar protrusions shall not exceed 0.010 inch (0.25mm). A2 0.115 0.195 2.93 4.95

9. N is the maximum number of terminal positions. B 0.014 0.022 0.356 0.558
10. Corner leads (1, N, NI2 and NI2 + 1) for E8.3, E16.3, E18.3,

Bl 0.045 0.070 1.15 1.77 8E28.3, E42.6 will have a Bl dimension of 0.030 - 0.045 inch
(0.76 - 1.14mm). C 0.008 0.014 0.204 0.355

D 0.735 0.775 18.66 19.68 5 ClZ

Dl 0.005 0.13 5
ZQa~

E 0.300 0.325 7.62 8.25 6 c(~

El 0240 0.280 6.10 7.11 5
lIII::a::00

e O.l00BSC 2.54BSC £f~
eA 0.300BSC 7.62BSC 6

ee 0.430 10.92 7

L 0.115 0.150 2.93 3.81 4

N 14 14 9

Rev. 0 12/93



E16.3 (JEDEC MS-001-BB ISSUE D)
16 LEAD DUAL-IN-LINE PLASTIC PACKAGE,"~,-CJQt INCHES MILLIMETERS

AREA
SYMBOL MIN MAX MIN MAX NOTES

A 0.210 5.33 4

~~~~AmA1 0.Q15 0.39 4

A2 0.115 0.195 2.93 4.95

SEATING]
B 0.014 0.022 0.356 0.558

"':~ rn" ' ~ ~:!+ B1 0.045 0.070 1.15 1.77 8,10

C 0.008 0.014 0.204 0.355

~ e C D 0.735 0.775 18.66 19.68 5
B ~ c

D1 0.005 0.13 5:el0.010 (0.25l®1 C IA IB~ I e.
E 0.300 0.325 7.62 8.25 6

NOTES: E1 0.240 0.280 6.10 7.11 5
1. Controlling Dimensions: INCH. In case of conflict between e 0.100 BSC 2.54BSe

English and Metric dimensions, the inch dimensions control.
eA 0.300BSC 7.62 BSC 6

2. Dimensioning and tolerancing per ANSI Y14.5M-1982.
ea I 0.430 10.92 7

3. Symbols are defined in the "MO Series Symbol Lisr in Section
L 0.115 I 0.150 2.93 3.81 42.2 of Publication No. 95.

4. Dimensions A, A1 and L are measured with the package seated N 16 16 9
in JEDEC sealing plane gauge GS-3. Rev. 0 12/93

5. D, D1, and E1 dimensions do not Include mold flash or protru-
sions. Mold flash or protrusions shall not exceed 0.010 Inch E20.3 (JEDEC MS-001-AD ISSUE D)
(0.25mm). 20 LEAD DUAL-IN-L1NE PLASTIC PACKAGE

6. E and ~ are measured with the leads constrained to be per- INCHES MILLIMETERS
pendicu ar to datum ~.

SYMBOL MIN MAX MIN MAX NOTES
7. ea and ee are measured at the lead lips with the leads uncon-

A 0.210 5.33 4strained. ec must be zero or greater.

8. B1 maximum dimensions do not include dambar protrusions. A1 0.015 0.39 4
Dambar protrusions shall not exceed 0.010 Inch (0.25mm). A2 0.115 0.195 2.93 4.95

9. N is the maximum number of terminal positions. B 0.014 0.022 0.356 0.558
10. Corner leads (1, N, NI2 and NI2 + 1) for E8.3, E16.3, E18.3,

B1 0.045 0.070 1.55 1.77 8E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch
(0.76 - 1.14mm). C 0.008 0.014 0.204 0.355

D 0.980 1.080 24.89 26.9 5

D1 0.005 0.13 5

E 0.300 0.325 7.62 8.25 6

E1 0.240 0.280 6.10 7.11 5

e 0.100BSC 2.54BSC

eA 0.300 BSC 7.62 BSe 6

ea I 0.430 I 10.92 7

L 0.115 0.150 2.93 3.81 4

N 20 20 9

Rev. 0 12/93



,,,,,-DOt E24.6 (JEDEC MS-011-AA ISSUE B)
24 lEAD DUAl·IN·L1NE PLASTIC PACKAGE

INCHES MilLIMETERS
AREA

MAX MIN MAX NOTESSYMBOL MIN

A 0.250 6.35 4

~« 0 ~I ~E~
A1 0.015 0.39 4....~~ m A2 0.125 0.195 3.18 4.95

PLANE ~ A2 ' B 0.014 0.022 0.356 0.558

'~~1~~~ _ • ,,- ., ~~ ~,~
61 0.030 0.070 o.n 1.77 8

C 0.008 0.015 0.204 0.381

D 1.150 1.290 29.3 32.7 5

Dl 0.005 0.13 5
-$jO.010(O.25)®ICIAIB~ I e.

E 0.600 0.625 15.24 15.87 6

NOTES: El 0.485 0.580 12.32 14.73 5

1. CQnh>lIing Dimensions: INCH. In case of conflict between e 0.loo6SC 2.546SC
English and Metric dimensions, the inch dimensions control.

eA 0.6OO6SC 15.24BSC 6
2. Dimensioning and tolerancing per ANSI Y14.5M·1982.

ee I 0.700 17.78 7
3. Symbols are defined in the "MO Series Symbol Lisf in Section

L 0.115 I 0.200 2.93 5.08 42.2 of Publication No. 95.

4. Dimensions A, A 1 and L are measured with the package seated N 24 24 9
in JEDEC seating plane gauge GS-3. Rev. 0 12/93

5. D, Dl, and El dimensions do not include mold flash or protru-
sions. Mold flash or protrusions shall not exceed 0.010 inch E28.6 (JEDEC MS-011·AB ISSUE B)
(0.25mm). 28 lEAD DUAl·IN·L1NE PLASTIC PACKAGE

6. E and ~ are measured with the leads constrained to be per- INCHES MilliMETERS
pendicu ar to datum ~.

SYMBOL MIN MAX MIN MAX NOTES
7. ee and ee are measured at the lead tips with the leads uncon-

A 0.250 6.35 4strained. ec must be zero or greater.

8. 61 maximum dimensions do not include dambar protrusions. Al 0.015 0.39 4
Dambar protrusions shall not exceed 0.010 inch (0.25mm). A2 0.125 0.195 3.18 4.95

9. N is the maximum number of terminal positions. 6 0.014 0.022 0.356 0.558
10. Comer leads (1, N, NI2 and NI2 + 1) for E8.3, E16.3, E18.3,

61 0.030 0.070 o.n 1.n 8E28.3, E42.6 will have a 61 dimension of 0.030 - 0.045 Inch
(0.76 - 1.14mm). C 0.008 0.015 0.204 0.381

D 1.380 1.565 35.1 39.7 5 "Z
Dl 0.005 0.13 5 ZQ
E 0.600 0.625 15.24 15.87 6 a~CI::=

El 0.485 0.580 12.32 14.73 5 ~a::UO
e 0.100 BSC 2.546SC ~~

eA 0.6OO6SC 15.24BSC 6

ee 0.700 17.78 7

L 0.115 0.200 2.93 5.08 4

N 28 28 9

Rev. 0 12/93



INDEX~Q~1AREA~ ~

~~~~"I - A2 A Im~~SEATINGJ'-1MVlflfl(
PLA:1E IIUI~U 01 A1 L ~ ~~

~~ e c8 ec
0.010(0.25)® 8@ eS

E40.6 (JEDEC M5-011·AC ISSUE B)
40 LEAD DUAL·IN·L1NE PLASTIC PACKAGE

NOTES:

1. Controlling Dimensions: INCH. In case of conflict between
English and Metric dimensions, the inch dimensions control.

2. Dimensioning and tolerancing per ANSI Y14.5M-1982.

3. Symbols are defined in the 'MO Series Symbol Lisr in Section
2.2 of Publication No. 95.

4. Dimensions A, A 1 and L are measured with the package seated
in JEDEC seating plane gauge GS-3.

5. D, Dl, and El dimensions do not include mold flash or protru-
sions. Mold flash or protrusions shall not exceed 0.010 inch
(0.25mm).

6. E and re;;:l are measured with the leads constrained to be per-
pendicillifr"to datum ~.

7. es and ee are measured at the lead tips with the leads uncon-
strained. Be must be zero or greater.

8. Bl maximum dimensions do not include dambar protrusions.
Dambar protrusions shall not exceed 0.010 inch (0.25mm).

9. N is the maximum number of terminal positions.

10. Corner leads (1, N, NI2 and N/2 + 1) for E8.3, E16.3, E18.3,
E28.3, E42.6 will have a Bl dimension of 0.030 - 0.045 inch
(0.76 - 1.14rnm).

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A - 0.250 - 6.35 4

Al 0.015 - 0.39 - 4

A2 0.125 0.195 3.18 4.95

B 0.014 0.022 0.356 0.558 -
Bl 0.030 0.070 o.n l.n 8

C 0.008 0.015 0.204 0.381 -
D 1.980 2.095 50.3 53.2 5

Dl 0.005 - 0.13 - 5

E 0.600 0.625 15.24 15.87 6

El 0.485 0.580 12.32 14.73 5

e O.looBSC 2.54 BSC

eA 0.600 BSC 15.24BSC 6

es - 0.700 - 17.78 7

L 0.115 0.200 2.93 5.08 4

N 40 40 9



Small Outline Plastic Packages (SOIC)

NAAAflLfi r M16.15 (JEDEC MS-012-AC ISSUE C)
16 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE

<~ ~~EEf T H I-$j 0.25(0.010)® I B ® I INCHES MILLIMETERS

<V I !J,a,~,~~~ J1
SYMBOL MIN MAX MIN MAX NOTES

A 0.0532 0.0688 1.35 1.75 -

L-f:1
Al 0.0040 0.0098 0.10 0.25 -
B 0.013 0.020 0.33 0.51 9

SEATINGPLANE C 0.0075 0.0098 0.19 0.25 -
~D~ Al 1r-hX4SO D 0.3859 0.3937 9.80 10.00 3

E 0.1497 0.1574 3.80 4.00 4

~MJBiI !-J( ~t e 0.050 Bse 1.27 Bse -

e~1 ~~1 ~
cJ H 0.2284 0.2440 5.80 6.20 -

h 0.0099 0.0196 0.25 0.50 5
B -- 1010.10(0.004) 1

l 0.016 0.050 0.40 1.27 6RIB 0.25(0.010)®I c IA® IB® I
N 16 16 7

a. rf' 8° 0° I 8° -
NOTES:

Rev. 0 12/93
1. Symbols are defined in the "MO Series Symbol Lisr in Section

2.2 of Publication Number 95.
M20.3 (JEDEC MS-ol3-AC ISSUE C)

2. Dimensioning and tolerancing' per ANSI Y14.5M-1982. 20 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE
3. Dimension "0" does not include mold flash, protrusions or gate

INCHES MILLIMETERSburrs. Mold flash, protrusion and gate burrs shall not exceed
0.15mm (0.006 inch) per side. SYMBOL MIN MAX MIN MAX NOTES

4. Dimension "E" does not include interlead flash or protrusions. In- A 0.0926 0.1043 2.35 2.65 -
terlead flash and protrusions shall not exceed 0.25mm (0.010 Al 0.0040 0.0118 0.10 0.30 -inch) per side.

5. The chamfer on the body is optional. If it is not present, a visual B 0.013 0.0200 0.33 0.51 9

index feature must be located within the crosshatched area. e 0.0091 0.0125 0.23 0.32

6. "l" is the length of terminal for soldering to a substrate. D 0.4961 0.5118 12.80 13.00 3
7. "N" is the number of terminal positions. E 0.2914 0.2992 7.40 7.60 4
8. Terminal numbers are shown for reference only. e 0.05OBSC 1.27 BSC
9. The lead width "B", as measured 0,36mm (0.014 inch) or greater H 0.394 0.419 10.00 10.65 -

above the seating plane, shall not exceed a maximum value of
h 0.010 0.029 0.25 0.75 50.61mm (0.024 inch)

10. Controlling dimension: MilLIMETER. Converted inch dimen- l 0.016 0.050 0.40 1.27 6
sions are not necessarily exact. N 20 20 7

a. rf' 8° 0° I eo -
Rev. 0 12/93



T r~--0.2-5(-0.0-10-)-®-I-B-®-I

~

f-B- o----j 1r- h x 45"

~{HJ]ru 1$ ~L-T~~ ~ cJ:--11-- I Q 10•10(0.004) I

1$"10.25(0.010) ®I c IA® IB~ I
NOTES:

1. Symbols are defined in the "MO Series Symbol Lisf' in Section
2.2 of Publication Number 95.

2. Dimensioning and tolerancing per ANSI Y14.5M-1982.

3. Dimension "D" does not include mold flash, protrusions or gate
burrs. Mold flash, protrusiorj and gate burrs shall not exceed
0.15mm (0.006 inch) per side.

4. Dimension "E" does not include interlead flash or protrusions. In-
terlead flash and protrusions shall not exceed 0.25mm (0.010
inch) per side.

5. The chamfer on the body is optional. If it is not present, a visual
index feature must be located within the crosshatched area.

6. "l" is the length of terminal for soldering to a substrate.

7. "N" is the number of terminal positions.

8. Terminal numbers are shown for reference only.

9. The lead width "S", as measured 0.36mm (0.014 inch) or greater
above the seating plane, shall not exceed a maximum value of
0.61mm (0.024 inch)

10. Controlling dimension: MilLIMETER. Converted inch dimen-
sions are not necessarily exact.

M28.3 (JEDEC MS-013-AE ISSUE C)
28 lEAD WIDE BODY SMAll OUTLINE PLASTIC PACKAGE

INCHES MilLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.0926 0.1043 2.35 2.65 -
Al 0.0040 0.0118 0.10 0.30 -
S 0.013 0.0200 0.33 0.51 9

C 0.0091 0.0125 0.23 0.32 -
D 0.6969 0.7125 17.70 18.10 3

E 0.2914 0.2992 7.40 7.60 4

e 0.05 SSC 1.27 SSC -
H 0.394 0.419 10.00 10.65 -
h 0.01 0.029 0.25 0.75 5

L 0.016 0.050 0.40 1.27 6

N 28 28 7

a 0" 8° 0° I 8" -



0.042 (1.07)
0.048 (1.22) 0.042 (1.07) 0

h
O~)

PIN (1) IDENllFlER (TP h0.050 1.27)

r T1!" ~

n m~-
+ ----a-E1 E

0.026 (0.66)
0.032 (0.81) 0.013 (0.33)

~

--.i 0.021 (0.53)

t:!0.025 (0.64)
0.045 (1.14) ~
MIN

NOTES:

1. Controlling dimension: INCH. Converted millimeter dimensions
are not necessarily exact.

2. Dimensions and tolerancing per ANSI Y14.5M-19B2.

3. Dimensions Dl and El do not include mold protrusions. Allow-
able mold protrusion is 0.010 inch (0.25mm) per side.

4. To be measured at seating plane ~ contact point.

5. Centerline to be determined where center leads exit plastic body.

6. ·N· is the number of terminal positions.

N28.45 (JEDEC MS-018 ISSUE A)
28 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.165 0.180 4.20 4.57 -
A1 0.090 0.120 229 3.04 -
D 0.485 0.495 12.32 12.57 -

D1 0.450 0.456 11.43 11.58 3

D2 0.191 0.219 4.86 5.56 4,5

E 0.485 0.495 12.32 12.57 -
E1 0.450 0.456 11.43 11.58 3

E2 0.191 0.219 4.86 5.56 4,5

N 28 28 6

N44.65 (JEDEC MS-018 ISSUE A)
44 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.165 0.180 4.20 4.57 -
A1 0.090 0.120 2.29 3.04 -
D 0.685 0.695 17.40 17.65 -

D1 0.650 0.656 16.51 16.66 3

D2 0.291 0.319 7.40 8.10 4,5

E 0.685 0.695 17.40 17.65 -
E1 0.650 0.656 16.51 16.66 3

E2 0.291 0.319 7.40 8.10 4,5

N 44 44 6



INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.093 . 2.35 -
Al 0.004 0.010 0.10 0.25 -
A2 0.077 0.083 1.95 2.10 -
B 0.012 0.018 0.30 0.45 6

Bl 0.012 0.016 0.30 0.40 .
0 0.510 0.530 12.95 13.45 3

01 0.390 0.398 9.90 10.10 4,5

E 0.510 0.530 12.95 13.45 3

El 0.390 0.398 9.90 10.10 4,5

L 0.026 0.037 0.65 0.95 .
N 44 44 7

e 0.032 BSC O.60BSC

NOTES:

1. Controlling dimension: MilLIMETER. Converted inch
dimensions are not necessarily exact.

2. All dimensions and tolerances per ANSI Y14.5M-1982.

3. Dimensions 0 and E to be determined at seating plane ~.

4. Dimensions 01 and Elto be determined at datum plane~.

5. Dimensions 01 and El do not include mold protrusion.
Allowable protrusion is 0.25mm (0.010 inch) per side.

6. Dimension B does not include dambar protrusion. Allowable
dambar protrusion shall be 0.08mm (0.003 inch) total.

7. "N" is the number of terminal positions.



Ceramic Dual-In-Line Metal Seal Packages (SBDIP)
016.3 MIL-STD-1835 CDIP2·T16 (D-2, CONFIGURATION C)
16 LEAD CERAMIC DUAL·IN·L1NE METAL SEAL PACKAGE

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A - 0.200 - 5.08 -
b 0.014 0.026 0.36 0.66 2

bl 0.014 0.023 0.36 0.58 3

b2 0.045 0.065 1.14 1.65 -
b3 0.023 0.045 0.58 1.14 4

c 0.008 0.018 0.20 0.46 2

cl 0.008 0.015 0.20 0.38 3

D - 0.840 - 21.34 -
E 0.220 0.310 5.59 1.81 -
e 0.100 BSC 2.54BSC -

eA 0.300BSC 1.62 BSC -
eN2 0.150BSC 3.81 BSC -

L 0.125 0.200 3.18 5.08 -
a 0.015 0.060 0.38 1.52 5

Sl 0.005 - 0.13 - 6

S2 0.005 - 0.13 - 1

Cl 900 1050 900 1050 -
aaa - 0.015 - 0.38 -
bbb - 0.030 0.16 -
ccc - 0.010 - 0.25

M 0.0015 - 0.038 2

N 16 16 8

1. Index area: A notch or a pin one identification mark shall be locat-
ed adjacent to pin one and shall be located within the shaded
area shown. The manufacturer's identification shall not be used
as a pin one identification mark.

2. The maximum limits of lead dimensions band c or M shall be
measured at the centroid of the finished lead surfaces, when
solder dip or tin plate lead finish is applied.

3. Dimensions bl and cl apply to lead base metal only. Dimension
M applies to lead plating and finish thickness.

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a
partial lead paddle. For this configuration dimension b3 replaces
dimension b2.

5. Dimension a shall be measured from the seating plane to the
base plane.

6. Measure dimension Slat all four corners.

7. Measure dimension S2 from the top of the ceramic body to the
nearest metallization or lead.

8. N is the maximum number of terminal positions.

9. Braze fillets shall be concave.

10. Dimensioning and tolerancing per ANSI Y14.5M - 1982.

11. Controlling dimension: INCH.



lEAD FINISH
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Ceramic Dual-In-Line Metal Seal Packages (SBDIP) (Continued)

024.6 Mll-STD-1835 CDIP2-T24 (0-3. CONFIGURATION C)
24 lEAD CERAMIC DUAl-IN-lINE METAL SEAL PACKAGE

1. Index area: A notch or a pin one identification mark shall be locat-
ed adjacent to pin one and shall be located within the shaded
area shown. The manufacturer's identification shall not be used
as a pin one identification mark.

2. The maximum limits of lead dimensions band c or M shall be
measured at the centroid of the finished lead surfaces, when
solder dip or tin plate lead finish is applied.

3. Dimensions b1 and c1 apply to lead base metal only. Dimension
M applies to lead plating and finish thickness. .

4. Corner leads (1, N, N/2, and N/2+ 1) may be configured with a
partial lead paddle. For this configuration dimension b3 replaces
dimension b2.

5. Dimension Q shall be measured from the seating plane to the
base plane.

6. Measure dimension S1 at all four corners.

7. Measure dimension S2 from the top of the ceramic body to the
nearest metallization or lead.

8. N is the maximum number of terminal positions.

9. Braze fillets shall be concave.

10. Dimensioning and tolerancing per ANSI Y14.5M - 1982.

11. Controlling dimension: INCH.

INCHES MilliMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.225 5.72 -
b 0.014 0.026 0.36 0.66 2

b1 0.014 0.023 0.36 0.58 3

b2 0.045 0.065 1.14 1.65

b3 0.023 0.045 0.58 1.14 4

c 0.008 0.018 0.20 0.46 2

c1 0.008 0.015 0.20 0.38 3

D - 1.290 - 32.77

E 0.500 0.610 12.70 15.49

e 0.100 BSC 2.54BSC

eA 0.600 SSC 15.24BSC

eA/2 0.300 BSC 7.62 BSC

L 0.120 0.200 3.05 5.08

Q 0.015 0.075 0.38 1.91 5

S1 0.005 0.13 6

S2 0.005 0.13 7

a. 90° 105° 90° 105°

aaa - 0.015 0.38

bbb - 0.030 - 0.76

ccc - 0.010 - 0.25 -
M - 0.0015 - 0.038 2

N 24 24 8



LEAD FINISH
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Ceramic Dual-In-Line Metal Seal Packages (SBDIP) (Continued)

028.6 MIL·ST0-1835 CDIP2·T28 (0-10, CONFIGURATION C)
28 LEAD CERAMIC DUAL·IN·L1NE METAL SEAL PACKAGE

1. Index area: A notch or a pin one identification mark shall be locat·
ed adjacent to pin one and shall be located within the shaded
area shown. The manufacturer's identification shall not be used
as a pin one identification mark.

2. The maximum limits of lead dimensions band c or M shall be
measured at the centroid of the finished lead surfaces, when
solder dip or tin plate lead finish is applied.

3. Dimensions bl and cl apply to lead base metal only. Dimension
M applies to lead plating and finish thickness.

4. Corner leads (1, N, N/2, and N/2+ 1) may be configured with a
partial lead paddle. For this configuration dimension b3 replaces
dimension b2.

5. Dimension Q shall be measured from the seating plane to the
base plane.

6. Measure dimension Slat all four corners.

7. Measure dimension S2 from the top of the ceramic body to the
nearest metallization or lead.

8. N is the maximum number of terminal positions.

9. Braze fillets shall be concave.

10. Dimensioning and tolerancing per ANSI Y14.5M· 1982.

11. Controlling dimension: INCH.

INCHES MILLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A 0.232 - 5.92 ·
b 0.014 0.026 0.36 0.66 2

bl 0.014 0.023 0.36 0.58 3

b2 0.045 0.065 1.14 1.65 ·
b3 0.023 0.045 0.58 1.14 4

c 0.008 0.018 0.20 0.46 2

c1 0.008 0.Q15 0.20 0.38 3

D 1.490 · 37.85 -
E 0.500 0.610 12.70 15.49

e 0.100 BSC 2.54BSC

eA 0.600 BSC 15.24BSC

eA/2 0.300 BSC 7.62 BSC

L 0.125 0.200 3.18 5.08

Q 0.015 0.060 0.38 1.52 5

Sl 0.005 0.13 . 6

52 0.005 0.13 - 7

a 90° 105° 900 105° ·
aaa 0.015 - 0.38

bbb 0.030 · 0.76

ccc 0.010 · 0.25

M 0.0015 · 0.038 2

N 28 28 8



LEAD FINISH
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1. Index area: A notch or a pin one identification mark shall be locat-
ed adjacent to pin one and shall be located within the shaded
area shown. The manufacturer's identification shall not be used
as a pin one identification mark.

2. The maximum limits of lead dimensions band c or M shall be
measured at the centroid of the finished iead surfaces, when
solder dip or tin plate lead finish is applied.

3. Dimensions b1 and c1 apply to lead base metal oniy. Dimension
M applies to lead plating and finish thickness.

4. Corner leads (1, N, N/2, and N/2+1) may be configured with a
partial lead paddle. For this configuration dimension b3 replaces
dimension b2.

5. Dimension a shall be measured from the seating plane to the
base plane.

6. Measure dimension S1 at all four corners.

7. Measure dimension S2 from the top of the ceramic body to the
nearest metallization or lead.

8. N is the maximum number of terminal positions.

9. Braze fillets shall be concave.

10. Dimensioning and tolerancing per ANSI Y14.5M - 1982.

11. Controlling dimension: INCH.

040.6 Mll-STD-1835 CDIP2-T40 (0.5, CONFIGURATION C)
40 lEAD CERAMIC DUAl-IN-LiNE METAL SEAL PACKAGE

INCHES MilLIMETERS

SYMBOL MIN MAX MIN MAX NOTES

A - 0.225 5.72

b 0.014 0.026 0.36 0.66 2

b1 0.014 0.023 0.36 0.58 3

b2 0.045 0.065 1.14 1.65

b3 0.023 0.045 0.58 1.14 4

c 0.008 0.018 0.20 0.46 2

c1 0.008 0.015 0.20 0.38 3

D 2.096 53.24 4

E 0.510 0.620 12.95 15.75 4

e 0.100 BSC 2.54 BSC .
eA 0.600 BSC 15.24 BSC -

eN2 0.300 BSC 7.62 BSC -
l 0.125 0.200 3.18 5.08

a 0.015 0.070 0.38 1.78 5

S1 0.005 0.13 - 6

S2 0.005 0.13 7

a. 900 1050 900 1050

aaa 0.015 0.38

bbb - 0.030 0.76

ccc - 0.010 0.25

M - 0.0015 0.038 2

N 40 40 8
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Package And Ordering Information

CMOS microprocessor, microcontroller and peripheral inte-
grated circuits are available in one or more of the following
package styles and are identified by the Suffix Letters indi-
cated: dual-in-Iine sidebrazed ceramic, dual-in-Iine plastic,
small outline plastic, plastic leaded chip carrier, metric plas-
tic quad flatpack and chip form. The available package
styles for any specific type are given in the data sheet for
that type.

Ordering Information

The family of packages and electrical options are identified
by suffix letters indicated in the following chart. When order-
ing a microprocessor, microcontroller or peripheral device it
is important that the appropriate suffix letter be affixed to the
type number of the device.

PACKAGE/OPTION SUFFIX LETTER

Dual-in-Line Sidebrazed Ceramic DIP D

Dual-in-Line Plastic DIP E

Small Outline Plastic SOIC M

Plastic Leaded Chip Carrier PLCC N/Q (Note)

Metric Plastic Quad Flatpack MQFP Q

Chip (when applicable) H

Enhanced Product Screening x
i.e., Burn-In (optional for D, E package types)

Electrical Option 1,2,4

NOTE: Some devices use the Q suffix for identifying PLCC packag-
es. Consult your Harris sales representative for correct type number
when placing orders.

For example, a CDP65C51-1 in a dual-in· line plastic pack·
age will be identified as the CDP65C51El. A CDP65C51El
with enhanced product screening option will be identified as
the CDP65C51E1X.

CDP65C51
I

F.AMILY PART
'lUMBER

E
T

PACKAGE
DESIGNATION

1
T

ELECTRICAL
OPTION

x
T

ENHANCED
PRODUCT

OPTION

QSUFFIX
METRIC PLASTIC QUAD FLATPACK PACKAGE (MQFP)

44 LEAD VERSION

DSUFFIX
DUAL·IN·L1NE SIDEBRAZED CERAMIC PACKAGE (SBDlP)

16,18,22,24,28 AND 40 LEAD VERSIONS

~,
M SUFFIX

SMALL OUTLINE PLASTIC PACKAGE (SOl C)
16,20 AND 28 LEAD VERSIONS

•ESUFFIX
PLASTIC DUAL-IN·LINE PACKAGE (PDIP)

8,16,18,20,22,24,28 AND 40 LEAD VERSIONS

N1Q SUFFIX
PLASTIC LEADED CHIP CARRIER (PLCC)

28,44, AND 68 LEAD VERSIONS
z"0Z--!,i
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ROM Ordering Information

Most members of the CDP68HC05 and CDP6805 families of
microcontrollers contain mask programmed ROMs. The con-
tents of these ROMs are personalized to meet a customer's
code requirements during manufacturing of the ICs. The
code is programmed via photomasking techniques. Semi-
conductor manufacturing is a batch process, and all micro-
controllers manufactured in a given lot (a batch) will contain
identical ROM code.

Harris generates a customer's ROM mask from an ASCII
representation of the desired ROM contents together with
other specific infonnation. The following pages contain
sheets which can be used to provide the required infonna-
tion when ordering a masked ROM microcontroller.

Data Format Options

The ROM data can be submitted in various formats. The fol-
lowing list summarizes the principal formats which Harris will
accept. The list is in order of preference, with S-Record for-
matted data files being the preferred format.

• S-Record Formatted Hex Data File via modem upload

• S-Record Formatted Hex Data File on floppy disk

• S-Record Formatted Hex Data File via email

• 6805 Assembly Language Source File on floppy disk

• Contents of a 27XX type EPROM/EEPROM

Regardless of the medium used to transfer the data, con-
tents of all of the User ROM regions of the memory map of
the particular microcontroller should be specified. This
includes any Page 0 User ROM and User Reset/Interrupt
Vectors. Data should not be specified for the Self Check
ROM space of a device. All unused locations should either
not be specified (S-Record and source files) or specified as
$00 (EPROM/EEPROM).

Procedure for SUbmitting Data

When submitting data via a physical medium such as a
floppy disk or EPROM, the appropriate "Ordering Informa-
tion Sheer on the following pages must be completed and
submitted with the data.

When utilizing the Harris Customer Pattern Retrieval System
(modem upload) the customer will be prompted for the same
information as that specified on the "Ordering Information
Sheet".

If the data is submitted via email, the message should
include the same infonnation as that specified on the "Order-
ing Information Sheer.

Harris Customer Pattern Retrieval System

To access the Harris Customer Pattern Retrieval System,
you must first obtain an accountlD and password from your
Harris sales representative. The system is accessed by dial-
ing 1-908-685-6542. It is presently set to run with baud rates
up to 2400 baud, with 8 data bits, 1 stop bit, and no parity bit.
The data transfer is done using text mode Kermit transfers.



CDP68HC05C4/C8 MCU Ordering Information Sheet
(Use separate Infonnation Sheets for each Microcomputer Type)

A. Microcomputer Type (select one):

Standard Types

D CDP68HC05C4

D CDP68HC05C8

High Speed Versions

D CDP68HSC05C4

D CDP68HSC05C8

D CDP68HCL05C4

D CDP68HCL05C8

B. Package Type (select one):

D Dual-In-Line Plastic (package type E)

D Dual-In-Line Ceramic (package type D)

D Plastic Leaded Chip Carrier - PLCC (package type N)

D Metric Plastic Quad Flatpack (package type Q)

C. Enhanced Product Screening (i.e. Bum-In at Additional Cost): DYES D NO

D. Select the following microcomputer options. A manufacturing mask will be generated from this infonnation.
Refer to data sheet or data book instructions for submitting data for ROM patterns.

Internal Oscillator (select one) Input Interrupt Trigger (select one)

E. Customer Company _

Address _

City _

Phone ( __ )

Contact Person _

Customer Part Number _

F. Pattern Media (S-Record Formatted File Should Be Used· Unspecified locations are filled with O's)

Floppy Disk: D 31'2" D 51,., MODEM Upload: D S-Record Filename _

Medium if other than above t _
Signature _ Title _

Date _

RETURN THIS COMPLETED FORM TO
YOUR LOCAL HARRIS SEMICONDUCTOR SALES OFFICE OR REPRESENTATIVE
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What is AnswerFAX?

AnswerFAX is Harris' automated fax response system. It gives you on-demand access to a full
library of the latest data sheets, application notes, and other information on Harris products.

What do I need to use AnswerFAX?
Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week.

How does it work?
You call the AnswerFAX number, touch-tone your way through a series of recorded questions,
enter the order numbers of the documents you want, and give AnswerFAX a fax number to send
them to. You'll have the information you need in minutes. The chart on the next page shows you
how.

How do I find out the order number for the publications I want?
The first time you call AnswerFAX, you should order one or more on-line catalogs of product line
information. There are nine catalogs:

• New Products • Digital Signal Processing (DSP) Products
• LinearfTelecom Products • Discrete & Intelligent Power Products
• Data Acquisition Products • Microprocessor Products

• Rad Hard Products
• CMOS Logic Products
• Application Notes
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Your Map to Harris AnswerFAX

ORDER

WELCOME TO
AnswerFAX!

GET HELP

DOCUMENT

ORDER

f;l BACK·UP ONEl.:J CHARACTER

~ HELP

ENTER A MORE
DOCUMENT
NUMBER

DONE[EJ
(UP TO THREE)

LINEAR AND TELECOM
PRODUCTS

DATA ACQUISITION
PRODUCTS

DIGITAL SIGNAL
PROCESSING

DISCRETE AND
INTEWGENT

POWER PRODUCTS

MICROPROCESSOR
PRODUCTS

ENTER
YOUR CORRECT
FAX NUMBER
AND CONFIRM

ENTER
YOUR
NAME

OR P~~~~ ABC
NUMBER 2

MORE 0 ENTER YOUR NAME

DONEW0

G GET HELP

ENTER

SEE QUICK YOUR
VOICE

REFERENCE GUIDE
PHONEFOR SPECIAL NUMBER

CHARACTERS
(ORDER AT LEFT
UPTO OF PAGE
THREE

CATALOGS) o DONE
# DONE

CONRRM

DONE

ORDER CORRECT
SOMETHING

ELSE



AnswerFAX Technical Support
CDP6805 CMOS Microcontrollers & Peripherals

AnswerFAX
DOCUMENT APPUCATION

NUMBER NOTE TITLE

98601 AN8601 CDP68HC05C4 Monitor and Real-Time Controller (27 pages)

97200 AN7200 Monitor For the CDP6805G2 Microcomputer (15 pages)

98633 AN8633 Versatile Serial Peripheral Interface (8 pages)

98723 AN8723 Interfacing Serial EEPROMs to CDP6805 Microcomputers (8 pages)

98759 AN8759 Low Cost Data Acquisition System Features SPI AID Converter (9 pages)

97199 AN7199 CDP6805 CMOS Family Emulators (7 pages)

97197 AN7197 Keyless Entry System Using the CDP6805F2 8·Bit Microcomputer Unit (10 pages)

97364 AN7364 CDP6805 Micros: Converting Interrupts (4 pages)

98756 AN8756 A Comparative Description of the UART - Universal Asynchronous Receiver/Transmnter
(17 pages)

98761 AN8761 User's Guide to the CDP68HC68T1 Real-Time Clock (14 pages)

96525 AN6525 Guide to Better Handling and Operation of CMOS Integrated Circuits (3 pages)

AnswerFAX Gives You the Infonnation
You Need. On Your Own Fax.

• Data Sheets

• New Products

• Application Notes

• Technical Briefs

AnswerFAX provides a full library of information on
Hanis products at your fingertips 24 hours a day. 407 -724-7800 )(
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Harris AnswerFAX Data Book Request Form - Document #199
Data Books Available Now

./ PUB .
NUMBER DATA BOOK/DESCRIPTION

SG103 CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris
Semiconductor High Speed 54174 CMOS Logic Integrated Circuits for commercial, industrial and military applications. It
covers Harris' High Speed CMOS Logic HCIHCT Series, AC/ACT Series, BiCMOS Interface Logic FCT Series and CMOS
Logic CD4000B Series.

PSG201.21 PRODUCT SELECTION GUIDE (NEW 1994: 616pp) Key product information on all Harris Semiconductor devices.
Sectioned (Linear, Data Acquisition, Digital Signal Processing, Telecom, Intelligent Power, Discrete Power, Digital
Microprocessors and Hi-ReVMilitary and Rad Hard) for easy use and includes cross references and alphanumeric part
number index.

DB500B LINEAR AND TELECOM ICs (1993: 1,312pp) Product specifications for: op amps, comparators, SIH amps, differential amps,
arrays, special analog circuits, telecom ICs, and power processing circuits.

DB301B DATA ACQUISITION (1994: 1,104pp) Product specifications on NO converters (display, integrating, successive
approximation, flash); D/A converters, switches, multiplexers, and other products.

D8302B DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dimensional and two-dimensional filters,
signal synthesizers, multipliers, special function devices (such as address sequencers, binary correlators, histogrammer).

08304.1 INTELLIGENT POWER ICs (1994: 946pp) This data book includes a complete set of data sheets for product specifications,
application notes with design details for specific applications of Harris products, and a description of the Harris quality and
high reliability program.

DB450C TRANSIENT VOLTAGE SUPPRESSION DEVICES (1994: 4OOpp) Product specifications of Harris varistors and surgectors.
Also, general Informational chapters such as: "Voltage Transients - An Overview," "Transient Suppression - Devices and
Principles," 'Suppression - Automotive Transients.'

DB223B POWER MOSFETs (1994: 1,328pp) This data book contains detailed technical information including standard power
MOSFETs (the popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic-
level power MOSFETs (L2FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radiation-hardened
power MOSFETs.

DB220.1 BIPOLAR POWER TRANSISTORS (1992: 592pp) Technical information on over 750 power transistors for use in a wide
range of consumer, industrial and military applications.

DB235B RADIATION HARDENED (1993: 2,232pp) Harris technoiogies used include dielectric isolation (01), Silicon-on-Sapphire
(SOS), and Silicon-on-Insulator (SOl). The Harris radiation-hardened products include the CD4000, HCSIHCTS and ACS/
ACTS logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C85/80C86 microprocessor family, analog
switches, gate arrays, standard cells and custom devices.

08303 MICROPROCESSOR PRODUCTS (1992: 1,156pp) For commercial and military applications. Product specifications on CMOS
microprocessors, peripherals, data communications, and memory ICs.

DB309 MCTIlGBTIDIODES (1994: 528pp) This data book fully describes Harris Semiconductor's line of MOS Controlled Thyristors,
Insulated Gate Bipolar Transistors (IGBTs) and Power Diodes/Rectifiers.

Analog ANALOG MILITARY (1989: 1,264pp) This data book describes Harris' military line of Linear, Data AcqUisition, and
Military Telecommunications circuits.

D8312 ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined with
the 1989 Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris
Semiconductor Linear and Data Acquisition products for Military (MIL-STD-883, DESC SMD and JAN) applications and
supersedes all previously published Linear and Data Acquisition Military data books. For applications requiring Radiation
Hardened products, please refer to the 1993 Harris Radiation Hardened Product Data Book (document #DB235B)

Digital DIGITAL MILITARY (1989: 680pp) Harris CMOS digital ICs - microprocessors, peripherals, data communications and
Military memory - are included in this data book.

7004 Complete Set of Commercial Harris Data Books

7005 Complete Set of Commercial and Military Harris Data Books

NAME: _

MAILSTOP: _

COMPANY: _

ADDRESS: --------------- _

PHONE: _

FAX: _


